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One of the most 
familiar sights 
in hospital 
office 
and bag 


ADRENALIN 


Introduced to the medical profession by the Parke-Davis 


versatility has made it one of the most widely used drugs LL 

in clinical practice. ADRENALIN is a standby for 
relieving asthmatic paroxysms, for treatment of 


protein shock, angioneurotic edema, cardiac arrest, 


and other medical or surgical emergencies. Among ~ 
its many other important uses are: control of hemorrhage; 

prolongation of local anesthesia by delaying absorption; 
relaxation of uterine musculature; and reduction of intraocular 


pressure, vascular congestion and conjunctival edema. 


ADRENALIN (epinephrine, Parke-Davis) is available as: 
ADRENALIN CHLORIDE SOLUTION — 1:1000 
ADRENALIN CHLORIDE SOLUTION 1:100 
ADRENALIN IN OIL 1:500 
And in a variety of other forms to 


meet medical and surgical requirements. 
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PROTECTIVE 
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Since the very beginning of the war on 
occupational diseases of the respirato 

system, Willson has cooperated wit 

outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 


Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage and also on the production line 
at regular intervals to insure quality and uniformity of 
the product. 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


developed and perfected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 
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to the skin. 


That's been proved in the laboratory and by millions of washups in America’s leading plants. 
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By helping control industrial dermatitis, PAX will materially reduce, in your plant, 
industry's greatest single cause of compensation claims and medical care. Claims 
that average $200.00 per case! 


And remember, you'll actually save money on every washup—because PAX-LANO-SAV 
Heavy Duty is so efficient workers need far less of it to get really clean. It gives complete 
protection plus amazing use economy. You simply can’t buy a better product! 


LET US PROVE PAX IN YOUR WASHROOM 


Ask your Purchasing Agent to write today on your letterhead for a free half-pound sample 
of PAX-LANO-SAV Heavy Duty. Then, at your request, our representative will gladly conduct 
a competitive test in your own washroom between PAX and your present brand—let you and 
your workers be the judges! 


Look for the PAX ROOSTER—Your Assurance of Superiority 


Skin Cleansing Cream—PAX General Purpose Cleansers—PAX Dishwashing Compounds— 
PAR Degreasers—PAX “Soap Saver" Dispensers. 
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THE CRIME: Causing Industrial Derma- 


titis Among Plant Personnel 


THE SENTENCE: Destroy on Sight with 
MILBURN PLY CREAM 


THE REWARD: Increased Production; 


Decreased Compensation Costs 


7, as Americans, are proud of our productive 

ability. But hovering over the Industrial 
Worker is “Exposuritis,” causing “time off,” pro- 
duction leaks and high compensation costs. 
How can you stop this scourge? Introduce your 
personnel to Milburn PLY CREAM, a safe bar- 
rier against Industrial Dermatitis. PLY CREAM 
offers effective protection from most harsh irri- 
tants, vet it is gentle, easy to apply and remove. 
Inquire today into the Milburn Method for 
Plant Safety: a Free Survey of your indus- 


trial operation that will lead to increased 
production, greater profits. 
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AIR SAMPLING WITH MEMBRANE FILTERS 


MELVIN W. FIRST, Sc.D. 
AND 


LESLIE SILVERMAN, Sc.D. 
BOSTON 


OLECULAR or membrane filters + have a number of useful properties for 

the collection and investigation of aerosols. Membranes of this type have 
been known for a number of years, but only very recently, under the sponsorship 
of the Biological Division of the Army Chemical Corps, have they been produced 
commercially. 

During the past year the United States Public Health Service * and others have 
published descriptions of many new uses for this material in the field of sanitary 
bacteriology. This is a report on an investigation for industrial hygiene applications. 
A recent Russian article * describes the use of membrane filters for dust sampling 
and notes that they have been used for this purpose for several years in the Soviet 
Union. 
FILTERS 


PROPERTIES OF MEMBRANE 
The filter material consists of membranes approximately 150 » in thickness pre- 
pared from one of several cellulose esters. The membranes are extremely porous 
(pore volume is 75 to 80% of the filter volume) and contain tubular openings 
which are smaller at the top, or upstream, face of the filter. Pore size may 
be controlled in the manufacturing process, and filters can be produced which are 
close to 100% efficient for particles less than 0.1 » in diameter. 

This filter material rapidly acquires a high electrostatic charge. What role the 
charge plays in separation is not certain, but it may be a major factor for high 
porosity filters. Electron micrographs of the internal structure of the hydrosol 
assay (HA) filter indicate a small pore diameter (on the order of 0.1 to 0.3 p). 
Resistance to air flow is high, suggesting an ultrafine pore size compatible with sep- 
aration by sieving. 
The paper was presented at the United States Atomic Energy Commission Meeting on 
Industrial Health, Cincinnati, April 25, 1952. 

This study was made under Contract AT (30-1)841 between the Atomic Energy Commission 
and Harvard University. The opinions expressed are those of the authors and do not necessarily 
represent the views of the Atomic Energy Commission. 

1. Filters are known by both these terms, as wel! as by the trade names, millipore filters 
and isopore filters, adopted by the Lovell Chemical Company, Watertown, Mass., and the 
A. G. Chemical Company, Pasadena, Calif., respectively. 

2. Clark, H. F.; Geldreich, E. E.; Jeter, H. L., and Kabler, P. W.: The Membrane Filter 
in Sanitary Bacteriology, Pub. Health Rep. 66:951, 1951. 

3. Reznik, I. B.: Gravi-Micrometric Determination of Dust in Air by Membrane Filter 
Method, Gigiena i Sanitariia, pp. 28-31, Oct., 1951. 
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Because separation is principally by sieving and electrostatic charge, particles 
are retained at the filter surface. For one type of filter (HA), Goetz and Tsuneishi 
have shown * that particle penetration and deposition are confined to a 10 p» layer 
from the surface, while for aerosol assay (AA) filters penetration is not more than 
50 ». For microscopic examination of the collected material this has obvious 
advantages over the usual filtering media in which particles are imbedded through- 
out the filter depth. 

Molecular filter media have an index of refraction close to 1.56. When immersed 
in cedarwood or special oils of this index of refraction, the filter becomes trans- 
parent to transmitted light, and the deposited material may be readily examined 
microscopically, in situ, without background interference. (One can contrast this 
with the difficulty encountered in attempting to view particulates retained in the 
interstices of a paper or cloth filter.) 


Since there is negligible penetration of the filter (HA type), particles are 
deposited on the surface in the same state in which they existed when suspended 
in the air or gas. If the number of particles collected is limited to a probability 
condition of no more than one particle deposited at the same point on the surface, 
not only may ordinary parameters of the material be measured but the size and 
number of agglomerates can be estimated. No other collection device now in com- 
mon use can be relied on to collect particulates without some degree of agglomerat- 
ing force or to preserve the collected material in so readily usable a form. 


FILTER HOLDER AND AIR-SAMPLING EQUIPMENT 


Molecular filter material is brittle and may crack when flexed. In addition, 
air-flow resistance is high, and the filter will tear if it is not well supported. We 
use a filter holder containing a No. 40 grit porous carbon plate (Fig. 1). Any 
other porous material capable of taking a smooth polish would be equally suitable. 

A Leiman 3 in. (7.6 cm.) rotary-blade sampling pump (coupled directly to a 
14 H.P. motor) will draw standard air at a rate of 1 cu. ft. per minute (cfm) 
through a 2 in. (5 cm.) disc of even the highest resistance types of molecular filter 
mounted in the porous carbon holder. 

For some applications an adequate sample may be collected with a handpump. 
One handpump in general use for air sampling ® has a nominal volume of 600 ml. 
per stroke. For very low concentrations, 10 or 20 strokes of the piston may be 
required to collect a sufficient sample for analysis. 

A suitable field case for storing clean filters and for carrying those on which a 
sample has been collected was constructed of lucite,” as illustrated in Figure 2. Of 
particular note are (1) the rings which hold the used filters apart and prevent the 
dust deposit from being rubbed or smeared prior to analysis; (2) the compactness 
of the case (a cylinder 2 in. in diameter and 3 in. long will hold 12 samples), and 
(3) the ease with which filters may be removed from or placed in the case by using 


the hollowed-out end caps and solid end discs. (The solid end discs also serve to 
seal out dust and dirt.) 


4. Goetz, A., and Tsuneishi, N.: Application of Molecular Filter Membranes to the Bac- 
teriological Analysis of Water, J. Am. Water Wks. A. 43:943, 1951. 


5. Samplair, Mine Safety Appliances Company, Pittsburgh. 
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A, UNION NUT D, MOLECULAR FILTER 
B. INLET CONE E. POROUS CARBON (#40 GRIT) 


Cc, GASKET F, OUTLET CONE 


Fig. 1.—A, holder for air and gas sampling with molecular filter; B, membrane filter holder: 
left, inlet cone fitting for duct sampling; right, cascade impactor fitting. 


Fig. 2.—Field case for carrying membrane filter samples. 
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AIR-FLOW 


RESISTANCE 


The degree to which pore size may be controlled is illustrated in air-flow resis- 
tance measurements on filters designated as HA (hydrosol assay), AA (aerosol 
assay), and AP (aerosol protective), as shown in Table 1. 


DUST ANALYSIS 


Light-Field Dust Counting—As a method of collecting samples of air-borne 
dust for microscopic counting, the molecular filter offers unique properties and 
permits outstanding economies in equipment and time. Liquid impingement col- 
lecting devices so widely used in the United States trap the dust in water or alcohol. 
Quantitation is accomplished by counting under the microscope a suitable dilution 
of the dust suspension placed in one of several counting cells. After collection, 
particles may dissolve, oxidize, agglomerate, or settle, and the restoration of the 
suspension to its original state prior to counting is at best a difficult procedure. 
Samples must be collectea in dust-free water, and all glassware and equipment must 


be washed dust free. The number of particles seen in a counting cell represents a 
small fraction of the entire sample. 


For example, with the midget impinger and 


TABLE 1.—Air-Flow Resistance Characteristics of Filters 


Velocity of Flow 


Through Filter 
Filter, Estimated Pore (AP=1In. Hg), 
Type Size, u Fpm 
AP 


1.2-1.6 115 


Neubauer counting cell, each particle counted under the microscope usually repre- 
sents 2.5 & 10° particles in the original sample. This means that for a 10-minute air 
sample taken at the rate of 0.1 cim each particle counted represents one-half the 
threshold limit for silica dust. On the other hand, impaction devices and the thermal 
precipitator sample only a few milliliters of air, and although a larger portion of 
the collected particles are counted, these represent a minute fraction of the dust 
cloud because of the small dust sample taken. With the use of a molecular filter, 
samples may be collected at any desired filtration rate up to 1 cfm (with a 2 in. 
disc). In heavy dust clouds (circa 50 million particles per cubic foot of air 
[ MPPCF |, adequate samples may be conveniently collected with a few strokes of 
a 600 ml. handpump. Preparation for immediate counting involves only placing a 
piece of the filter (dust side down) on a clean microscope slide and adding a few 
drops of oil to the upper side. Counting may begin at once, since the settling period 
required in the use of some conventional liquid-filled counting cells is eliminated. 
Table 2 indicates that there are no significant differences among dust counts 
from samples collected simultaneously with molecular filters (HA and AA types) 
and the midget impinger. These preliminary tests indicate that molecular filters 
may be suitable for the estimation of siliceous industrial dust atmospheres. For 
aerosols in the range of 5 to 100 MPPCF, the handpump will collect an adequate 
sample in 1 to 10 strokes. The handpump would be the method of choice when 


the potentially explosive atmospheres which may exist in plastics plants, coal mines, 
etc., are sampled. 
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on 


When dusts containing high percentages of minerals with indexes close to that 
of the filter are being counted, immersion liquids differing slightly from the refrac- 
tion index of 1.54 may be used, or the particles may be counted with the Ultropak 
microscope attachment. 


Dark-Field Dust Counting.—Many people prefer dark-field counting because of 
the greater ease in seeing small particles and the consequent greater reproducibility 
of results among investigators. Black membrane filters may be obtained, and when 
examined with the aid of a surface-illuminating microscope objective, such as the 


TaBLe 2.—Light-Field Dust Counts with Low-Power Microscope 


HA Type AA Type 
Molecular Filter, Molecular Filter, Midget Impinger, 
PPCF * MPPCF 
46.6. 47.3 + (5 Strokes) 40.1 (CaCOs) § 


* Millions of particles per cubie foot of air. 
+ Sample taken with a 600 ml. handpump. 
} Median size 0.4 to 0.5 w (Count). 

§ All particles less than 5 uw (Count). 


TaBLeE 3.—Dark-Field Dust Gounts at 200 Magnification 


Black Molecular Filter and Surface- 
Illuminating Microseope 
System, MPPCF * 


Bausch and Lomb 
Dust Counter, 
MPPCF 


++ * 


Sample taken with a 600 ml. handpump. 
All partieles less than 5 uw (Count). 


HA Mol. Filter AA Mol. Filter Type “S” Filter 


Sample Time, (0.7 Cfm), (0.7 Cfm), (62 Cfm), 
Min. Meg.'M.* Mg./M.* Mg. 
O14 0.19 0.11 
0.19 O16 0.11 


Leitz Ultropak system, light intercepted by dust particles is reflected up and is 
seen as a bright spot against a black background. The Bausch and Lomb dust 
counter (equipped with a dark-field microscope) and black molecular filter material 
(with a handpump) were used to sample simultaneously a calcium carbonate dust 
cloud. Comparative results by these two “snap sampling’ methods are shown in 
Table 3. Counts by the two methods at 200 magnification were in good agreement. 


GRAVIMETRIC DUST DETERMINATIONS 
Table 4+ compares weight determinations on atmospheric dust with the use of 


molecular filters and type “S” unimpregnated pleated filters in a high volume 
sampler.® 


6. Silverman, L., and Viles, F. J., Jr.: A High Volume Air Sampling and Filter Weighing 
Method for Certain Aerosols, J. Indust. Hyg. & Toxicol. 30:124, 1948. 


| 
61+ 
| Millions of particles per cubie foot of air. 
TABLE 4.—Gravimetric Determination of Dust Concentration (Atmospheric Dust) 
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One group of 2-in. discs of molecular filter (HA and AA types) weighed 
approximately 70 mg. each, and with a sensitive balance a weight gain of only 1 mg. 
represents a significant change. 


There is considerable variation in the results, and in each instance the weight 
determined by the molecular filter is higher than by the type “S” filter. The reasons 
for this are not known, but it may be that molecular filters are affected by humidity 
changes. Drying discs in an oven for one hour at 110 C. resulted in a weight loss 
of 0.3 to 1.2 mg. Although no appreciable weight changes were noted when discs 
were exposed to the ambient atmosphere and weighed periodically over a three-day 
period, exposure to a large volume of air passing through the pores of the filter 
may effect the noted changes. Retention of unimpregnated type “S” filters for 
atmospheric dust may be variable, since the size characteristics of dust particles 
depend on season, meteorological conditions, and other factors, and filtration effi- 
ciency is affected by the accumulation of dust in the pores of the paper. However, 
it is known ° that unimpregnated filters are only 68% efficient for tobacco smoke, 
for example, and filter retention may be an additional factor in the differences 
between the dust concentration obtained with membrane and pleated filters. This 
point needs more investigation. 


TABLE 5.—Weight-Count Relationship for Atmospheric Dust—1,800 Magnification 
(HA Type Membrane Filter) 


Particles in 
Weight, Mg./M.* Count per M.% 0.1 Mg. of Dust 
89 x 10% 59 108 


RELATION BETWEEN DUST COUNT AND WEIGHT 

Table 5 indicates the weight-count relationship of a sample of atmospheric dust. 
A sample of 0.15 mg. of dust was collected on the filter, and it was possible to 
count the closely packed dust particles under 1,800 diameters magnification. 
Drinker and Hatch * state that 1 mg. of crushed quartz is equivalent to 300 « 10° 
particles > 0.9 y, 1. e., when examined with light field at 100 magnification, Our 
counts indicate that 1 mg. of a typical sample of atmospheric dust is equivalent to 
approximately 600 x 10° particles > 0.25 w in size (the resolving power of our 
microscope system ). 

In the event that too much sample is collected inadvertently and that the parti- 
cles are too closely packed for accurate counting by the methods described above, 
the filter may be dissolved and diluted in clean acetone, and an aliquot quantitated 
in a counting cell by usual methods. 


PARTICLE SIZING 


We have made extensive use of molecular filters (HA type) for size determina- 
tions of particles passing the last stage of May’s cascade impactor.* The cascade 


7. Drinker, P., and Hatch, T.: Industrial Dust, New York, McGraw-Hill Book Company, 
Inc., 1936. 
8. May, K. R.: 


An Instrument for Sampling Coarse Aerosols, J. Scient. Instruments 
22:87, 1945. 
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impactor was originally designed for the separation of coarse (i. e., > 1 m) poly- 
disperse particles into four size fractions. When finer particles are dealt with, con- 
siderable material passes the most efficient impactor stage, and some final collector, 
such as an electrostatic precipitator or filter, must be added to the system for quanti- 
tative results. 

Aerosol particles which can be analyzed by chemical or radiological counting 
techniques may be readily sized by determining the fraction of material on each of 
the four cascade-impactor stages and the final collector, provided the mean size by 


Fig. 3—Electron micrograph of quartz dust passing through AA type membrane filter; 
X 7,000. 


weight for each of the five collection stages is known. Calibration of the four 
cascade-impactor stages presents no special difficulty, since these samples are col- 
lected on glass slides and may be observed under the microscope. 


Calibration of the fifth stage has been accomplished in the past by determining 
the size distribution of the original aerosol, calculating the mean size removed by 
each of the four impactor stages, and, lastly, calculating the mean size passing the 
impactor by difference. This is a laborious procedure, involving a number of 
assumptions and approximations. With a membrane filter, on the other hand, 
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particles passing the cascade impactor may be collected easily, and satisfactory opti- 
cal sizing can be made with an oil immersion objective. 


In many situations, particle sizing may be conveniently accomplished by sam- 
pling the dust cloud directly with a molecular filter and sizing under the microscope 
with an oil immersion objective and 20 eyepiece (i. e., 1,800 magnification and a 
resolving power of approximately 0.25 »). This method is especially valuable for 
light concentrations of fine dusts, such as may be encountered when sampling the 


Fig. 4.—Electron micrograph of quartz dust passing through HA type membrane filter; 
7,000. 


effluent from air-conditioning electrostatic precipitators. Many such measurements 
have been made by us in the past year. 


PARTICLE SIZING BY “MICRON SIEVING” 

Cellular type passages and the availability of membranes of graded porosity 
suggest their use in size separations of very fine dusts; in effect, they may be 
used as “micron or submicron sieves.” A practical application of membrane filters 
for size separations was found in the preparation of samples of dust for examina- 
tion in the electron microscope. Occasional large particles in samples of ground 
quartz completely filled the electron microscope field and obscured details of the 
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finest particles. Samples of this quartz dust were passed through HA and AA 
membrane filters under gentle suction and the filtrate examined for absence of large 
particles. Figures 3 and 4 are electron micrographs * (7,000 magnification) of the 
fraction of this dust passing through the AA type filter and the HA type filter, 
respectively. It may be noted from the photographs that the AA filter retained 
all particles greater than 0.9 » (approximately), that the HA filter retained all par- 
ticles greater than 0.6 » (approximately), and that there was a complete absence 
of particles greater than 1 ». (The original dust suspension contained particles up 
to 40 p in size.) 

The use of nests of filters of graded porosity for clean separation into a number 
of size fractions of dust suspensions containing particles less than 2 to 3 p» is now 
under investigation. 

Dusts collected on membrane filters may be prepared for electron microscope 
examination by floating a small piece of filter (dust side up) on the surface of a 
few milliliters of acetone in a watch glass. When the surface in contact with the 
liquid has dissolved sufficiently, an electron microscope specimen screen (uncoated ) 
may be placed (with the aid of forceps) under the remaining thin film (1. e., 5 to 


TaBLe 6.—Estimation of Sulfuric Acid Mist in Air—All Droplets Less Than 1 » (Count) 


2d Mol. Filter Electrie 
Ist Mol. Filter (In Series with Ist) Precipitator 
Mg./M.* 


102) containing the dust sample, and a piece lifted up onto the screen. In a few 
minutes the acetone evaporates, and the specimen is ready for examination. If this 
procedure is carried out carefully, the dust will not be disturbed, and it may be 
examined in what corresponds to its air-borne state, with all the attendant advan- 
tages mentioned above when using these filters for microscopic examination. 


ACID MISTS 


Molecular filters have been used successfully in conjunction with an electrical 
conductivity meter for the collection and analysis of sulfuric acid mist. This appli- 
cation was first suggested when it was found during experimental human exposures 
that a glass electrostatic precipitator produced sufficient ionization to give blank 
readings higher than those produced by the very small amounts of sulfuric acid 
present. Molecular filter material produces a small and negligible increase in ioni- 
zation when immersed up to several hours in distilled water. Collection efficiency 
for sulfuric acid mist, an extremely difficult material to capture, is close to 100%, 
as indicated in Table 6. Efficiency was determined by two methods; comparison 
with simultaneous electrostatic precipitator samples and observing the concentra- 


9. Prepared by Mr. Richard Charles of the Department of Metallurgy of the Massachusetts 
Institute of Technology, with whose cooperation investigations of the size-separating properties 
of membrane filters have been conducted. 
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tion on each of two molecular filters in series. The minimum quantity of HeSO, 
detectable by this method is 0.01 mg., and up to 4 mg. has been collected on a 2 in. 
disc during these experiments. With the use of this method, a hygienic threshold 
exposure of H,SO, (1 mg./m.*) may be readily detected by a few strokes of a 600 


ml. handpump. This same procedure is also useful for the collection and estima- 
tion of chromic acid and nitric acid mists. 


METAL FUMES 
The efficiency of membrane filters for estimating freshly formed lead fume was 
investigated by sampling with two filters in series. Substances sucli as lead, which 
may be determined quantitatively by the diphenylthiocarbazone (‘“dithizone’’) rea- 
gent in concentrations down to 1 y can be sampled successfully with a handpump. 
For atmospheres containing quantities of lead equivalent to the present toxicity 
threshold (i. e., 0.15 mg./m.*), 12 strokes of a 600 ml. handpump are sufficient to 
collect a detectable quantity of lead. Lead may be leached out of the filter by 
immersing it in 10 ml. of 5% HNQOs for 20 to 30 minutes. The filter is not attacked 
by this treatment and analysis may proceed directly with the acid solution. Table 7 
indicates results obtained by sampling with a handpump. There is good agreement 


TaBLe 7.—Estimation of Lead Fume in Air 


2d Mol. Filter 
600 Ml. Handpump, 1st Mol. Filter (In Series) 
No. Strokes Mg./M.* Mg./M.® 


between the relative quantities obtained by 5 and 10 strokes of the handpump. 
Approximately 0.5 y of lead was detected in the second filter (first filter collected 


15.6 y), equivalent to 3% passage. More data are required, but the 0.5 y of lead 
probably resulted from contact with the brass filter holder. 


ADDITIONAL APPLICATIONS 


A number of additional applications for membrane filters may exist in addition 
to those already enumerated. 

For example, there is the estimation of alpha emitters by radiological counting 
techniques. Radioactive particles (as well as inert materials) collected by paper or 
cloth filters penetrate the medium to a variable extent, depending on their size, 
shape, specific gravity, and filter characteristics. A significant and variable amount 
of the alpha energy under these circumstances is absorbed by the filter and other 
particles, thereby limiting the sensitivity and accuracy of the analysis. With dust 
deposited in a thin layer on the surface of a membrane filter, absorption and other 
variables influenced by particle characteristics may be minimized. 

After radiological counting, the collected material may be weighed on a micro- 
balance ; it may be particle sized and counted microscopically ; and, finally, it may 
be concentrated for chemical analysis by dissolving the filter in a few milliliters of 
a solvent such as acetone. Analysis by two or more such techniques may be useful 
in determining the relationship between radioactivity and particle size in the many 
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practical instances in which active materials become attached to inert particles, and 
the behavior of the combined particle must be evaluated for such purposes as rating 
respirators and air-cleaning devices. 


SUMMARY 


Final evaluation of the usefulness of molecular filters for the collection and 
analysis of aerosols must be made on the basis of extensive comparative studies in 
the field, but already laboratory and some field studies have indicated a number of 
applications that offer advantages to the industrial hygienist in convenience, accu- 
racy, and simplification of air-sampling equipment. 


Comparative dust counts with the use of membrane filters and the midget impin- 
ger indicate that comparable counts may be obtained with the filters with an appreci- 
able saving in time, labor, and equipment. Acid mists and metal fumes may be 
collected at nearly 100% efficiency, and in many cases sufficient sample for analysis 
may be collected conveniently with a 600 ml. handpump. Applications to particle 
size separations and electron microscopy are subjects for further investigation. 


Filters for this investigation were provided by Dr. Charles R. Phillips of the Biological 
Division of the Army Chemical Corps, Dr. Alexander Goetz of the California Institute of 
Technology, and Mr. Jack Bush of the Lovell Chemical Company. 
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OCCUPATIONAL SKIN CANCER IN A GROUP OF TAR WORKERS 


R. E. W. FISHER, M.B., B.Ch., D.P.H., D.I.H. 
LONDON, ENGLAND 


HIS PAPER is a report of a survey of 241 men emploved at a tar distillery 
in South London. At the time of the survey the tar distilled was derived 
irom the carbonization of coal in horizontal retorts. The distillery had been engaged 
in this work for at least 60 years at the time of the survey, and although methods 
had changed in that period, the basic processes had altered very iittle. 


The purpose of the survey was to examine and record the condition of the skin 
of each of these 241 men to see whether this could, in any way, be related to a his- 
tory of having suffered from tar warts or epitheliomata and, in particular, to find 
out whether proneness to tar warts or epitheliomata could be recognized before 
employment or early in a man’s working life. 

Before giving a description of the survey, it will be convenient to describe as 
briefly as possible the changes that may occur in the skin of men exposed to tar. 
There are considerable differences in the standard descriptions, and it will be well 
to make clear the terms that I shall use. 


SKIN CHANGES DUE TO 


TAR 


Men who are exposed to tar in the course of their work have been known to 
suffer from ordinary (traumatic) dermatitis and from secondary (sensitization) 


dermatitis. I have never seen such cases, so I shall not discuss these conditions 
further. 


Apart from these conditions, however, the changes due to tar are the following: 
(1) affections of the follicles; (2) acute tar erythema; (3) pigmentation and 
chronic erythema; (4) chronic tar dermatosis, and (5) tar warts and epitheliomata. 

The first of these, affections of the follicles, can vary from simple blocking with 
tar or pitch to widespread purulent folliculitis. Fortunately, the latter is rare, 
although a few inflamed follicles on the forearms or a few large comedones on the 


face are quite common. Occasionally a typical tar wart forms around a blocked or 
inflamed follicle. 


Acute tar erythema is very common, mainly in the summertime when it is pro- 
voked by the combined action of sunlight and tar fume or pitch dust. 


It exactly 
resembles ordinary sunburn in its effects, but it is often accompanied by con- 
junctivitis. 


From the Medical Department of the South Eastern Gas Board, London. 


Read in the symposium on Industrial Medicine on the International Scene before the Section 
on Preventive and Industrial Medicine and Public Health at the 101st Annual Session of the 
American Medical Association, June 11, 1952. 
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CANCER IN TAR WORKERS 13 
Chronic pigmentation and chronic erythema are common. 
tively slowly, but their incidence is very variable. 

Chronic tar dermatosis consists of a number of different changes. It will be 
convenient to mention these changes separately. They include the following: (1) 
alteration in skin texture; (2) simple plane warts; (3) rough hyperkeratoses; (4) 
freckles, and (5) capillary telangiectases. 

The alteration in skin texture may be an apparent thickening, or the skin may 
become glazed and atrophic looking. 


They develop rela- 


Simple plane warts are common. They are not unusual in men who have never 
been exposed to tar, but in tar workers they may be very numerous. They are 
usually very small, barely raised from the surface of the skin, and are quite soft and 
smooth. 

Permanent freckles which do not fade in winter are also common. 

A few small capillary telangiectases are not unusual on the skin of men who have 
not been exposed to tar. In exposed men, however, they may be very numerous. 

Rough hyperkeratoses are also fairly common in tar workers. They are not tar 
warts, although they have often been confused with them. They are hard, irregular- 
shaped, gray or black collections of keratinous material which appear to be laid on 
top of the skin. They are quite rough to the touch. Sometimes they are irritable. 
They are nearly always quite harmless, but occasionally a tar wart forms under- 
neath one. They do not occur, except in the very old, in the absence of exposure 
to carcinogenic agents or because of some other definite pathological condition. 

The last group of changes in the skin, and the most important, are tar warts 
and epitheliomata. The clinical features of these are too well known to need detailed 
description. I should point out, however, that the essential difference between a 
true tar wart and one of the rough hyperkeratoses already mentioned is that the 
tar wart consists of a papule definitely raised from the surrounding skin; it is usually 
capped with a little crust of keratinous material, whereas the rough hyperkeratosis 
lies flat on the skin, with no raised base. I should mention also that I do not 
consider it possible to differentiate clinically between a typical tar wart and an 
early squamous-celled tar epithelioma. Moreover, on clinical grounds (and for 
other reasons with which I am not concerned in this paper) I agree with Bettley * 
that there is no difference between the two. Confusion on this point has arisen, 
in my opinion, because some observers have failed to distinguish between true tar 
warts and the rough hyperkeratoses | mentioned above. I propose, therefore, to 
consider tar warts and epitheliomata together. 


SURVEY 


OF 


WORKMEN 

In carrying out the survey, 243 men were examined, and an occupational history 
was taken of each. Two men who had had exposure to other carcinogens before 
they started at the tar distillery were excluded from the series, leaving 241. With 
these two exceptions, every man employed at the works at the time of the survey 
was included. The condition of each man’s skin was examined, and the presence of 
any of the characteristic changes noted. An estimate was made as to whether any 
of the features which may occur on unexposed men (for example, freckles) were 
present to an abnormal degree. 


1. Bettley, F. R.: Proceedings of the Ninth International Congress on Industrial Medicine, 
September, 1948, Bristol, England, John Wright & Sons, Ltd., 1949, p. 391. 
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Each man was also asked whether he considered himself to be more or less 
susceptible to acute tar erythema than were the ordinary run of his workmates. The 
color of hair was noted as fair or dark according to the ordinary social distinction, 


black or dark brown hair being considered as dark and light brown and all lighter 
shades, including red, being counted as fair. 


In order that assessment of the degree of skin changes and color of hair should 
be as far as possible constant, I carried out the entire survey myself. None of the 
assessments was made by any second observer. 


Records of the tar warts which had occurred were kept over a period of 25 years. 


Only one man admitted to having had a tar wart before that date, so that virtually 
a complete record was available. 


Of the 241 men, 66 had had one or more tar warts. The earliest wart developed 
after 11 months’ exposure ; the longest exposure before the development of the first 
tar wart was 41 years. 

The records showed that the 66 men affected had had a total of 422 tar warts. 
One, a man aged 49 with 26 years’ exposure, had had 63 warts; another, aged 65 


with 50 years’ exposure, had had 54. Fourteen men had had 10 or more warts, and 
26 had had only 1. 


Site Distribution of Tar Warts—Two hundred ninety six, or 70%, of the warts 
appeared on the head and neck and 118, or 28%, on the forearm and hand. Only 


seven, or 1.7%, appeared on the scrotum and one, or 0.2%, elsewhere. No tar wart 
occurred on the palmar surface of the hand. 


As, however, 5 men had had 177 warts among them and 26 men had had only 
1 each, a better indication of the site distribution might have been given by the sites 
of the first tar wart in each of the 66 men. These were as follows: head and neck, 
52, or 79% ; forearm and hand, 13, or 20% ; scrotum, 1, or 1.5%, elsewhere, nil. 
This is a much lower incidence on the scrotum than in other published series.’ 
The difference is possibly due to good washing facilities and to good education 
about the hazard. It is also possible that scrotal lesions have much less tendency 


to regress spontaneously and are therefore diagnosed more certainly in the absence 
of close medical supervision. 


Incidence of Tar Warts in Relation to Years of Exposure-—vThe incidence of 
tar warts according to years of exposure was as follows: 


\ 


Total Number of Men 


Years of 


Number Who Had Had 

Exposure of Men Tar Warts 
19 9 ( 47%) 


2. Henry, S. A.: Brit. M. Bull. 4:976, 1947. Winternitz, J 


. G.: Brit. J. Radiol. 20:158, 
1947. Downing, C. C. R.: J. Indust. Hyg. & Toxicol. 14:255, 1932. Ross, P.: Brit. M. J. 2:369, 
1948. 
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Effect of Hair Color on Susceptibility to Tar Warts——It has been stated * that 
fair-haired men are more prone to have tar warts than are dark-haired men, and 
this idea was prevalent among the men themselves. The figures obtained in the 
survey were, therefore, examined to test this observation. 

Of the whole population of 241 men, 131 (54.3%) were fair haired and 110 
(45.7% ) were dark. Among the men who had had tar warts (the affected group), 
33 (50% ) were fair and 33 (50%) were dark. Of the 175 who had not had tar 
warts (the unaffected group), 98 (56% ) were fair and 77 (44%) were dark. These 
figures do not indicate that there is any connection between fair hair and suscepti- 
bility to tar warts. 

However, it might be objected that the apparent equality in susceptibility could 
easily be due to different lengths of exposure. If the fair-haired men were, in 
general, exposed for shorter periods, this might easily mask a real difference in sus- 
ceptibility. It was therefore decided to divide the affected and unaffected groups 
into five-year subgroups according to the duration of their exposure and to compare 
the findings thus obtained. A similar fallacy might arise from a possible ditference 
in ages. It has been stated * that older men are no more susceptible to tar warts 
than are younger men, given equal exposure. If this were true, the question of age 
on starting exposure would not need to be considered. Nevertheless, an examination 
of the figures obtained in the survey indicated that age on starting exposure did, 
in fact, influence susceptibility to tar warts. (This point is not further reported in 
the present paper. ) 

It was therefore decided to pair each affected man with one unaffected from the 
saine exposure group and, so far as possible when making the selection, to pair each 
affected man with an unaffected man who started his exposure at the same age or 
a later age. 

The two groups of affected and unaffected men were unequal in number, 66 being 
affected and 175 unaffected. As might be supposed, there were more unaffected 
than affected men with short exposure and more affected than unaffected with long 
exposure. The process of pairing, therefore, reduced the population to two groups 
of 56 men, paired according to exposure. Pairing according to age on starting 
exposure was successfully carried out, according to the rules given above, in 43 
cases. In the case of five workers the discrepancy was a single year of age; among 
another four the discrepancy did not exceed five years. The remaining four could 
not be satisfactorily paired, and they were therefore discarded. This produced two 
groups of 52 men, comparable in duration of exposure and in the ages at which 
they started exposure. A count showed the distribution of fair- and dark-haired 


men to be as follows: 


Affected Unaffected 

Group Group 


It is plain therefore that there is no evidence from this survey to support the 
hypothesis that fair-haired men are more susceptible to tar warts than are dark- 
haired men. 


3. Hueper, W. C.: Occupational Tumours and Allied Diseases, Springfield, Illinois, Charles 
C Thomas, Publisher, 1942. 
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It might be argued that the classification of hair into “fair” and “dark” does not 
give sufficient gradation of color and also that some more exact measurement of 
hair color should have been adopted, that simple assessment in “social” terms would 
not be sufficiently accurate, and that if an accurate measurement had been made it 
might have disclosed that there is, in fact, a connection between susceptibility to tar 
warts and hair color as so measured. This may be so. The investigation was directed, 
however, to the practical purpose of deciding whether hair color could be used as 
a working indication of the sort of men who should be chosen for the work. In that 
field elaborate matching procedures have no place, and all that can practically be 
used are ordinary social assessments. The survey fails to provide evidence that 
assessments of this kind are of any use. 

Relationship Between Susceptibility to Acute Tar Erythema and to Tar Warts.— 
The next question examined was whether there is any connection between sus- 
ceptibility to acute tar erythema and a tendency to development of tar warts. As 
already explained, each man was asked whether he considered himself to be more 
susceptible to acute tar erythema than the ordinary run of his workmates, to be less 
susceptible, or to be about the same. Every man had, in fact, suffered from the con- 
dition and was in a position to make such an assessment. Particular care was taken 
to ensure that the man clearly understood the question. Leading questions were 
strictly avoided. Bias in the questioner 


the same in all cases, myself—can be ruled 
out, because at the time when I was making the survey I had no reason to suppose 
that any positive or negative connection would be found between susceptibility to 
acute tar erythema and susceptibility to tar warts. The possibility that the men’s 
answers were biased has also been carefully considered, but no reason for any such 
bias could be found. It is true, however, that some unknown factor may have caused 
the men who had had tar warts to exaggerate their susceptibility to acute tar 
erythema or the men who had not had tar warts to minimize theirs. With this 
reservation, it would seem to be justifiable to accept the answers given. 

The two paired groups of 52 affected and 52 unatfected men described above 
were used for comparison. A count showed that of the affected men 16 considered 
themselves to be abnormally susceptible to acute tar erythema, 28 considered them- 
selves to be normal, and 8 thought that their susceptibility was less than normal. 
In the unaffected group, the numbers were, respectively, 9, 20, and 23. 


Susceptibility to Acute 
Tar Erythema 


Less Than More Than 
Normal Normal Normal 


N= 2, P 
This indicates that there is a close connection between susceptibility to acute tar 
erythema and to tar warts. Ii the two conditions were unrelated, the odds against 
obtaining these figures by chance would be more than 100 to 1. It may therefore 
be stated that the present survey indicates that it is very probable that there is a 
close connection between susceptibility to acute tar erythema (as measured by the 
exposed persons’ own statement) and susceptibility to tar warts. 
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PRECANCEROUS CONDITION OF 


THE SKIN 


It is commonly stated or implied in the best text books * that tar cancer is 
always preceded by this condition. This belief is so commonly held that I have 
known undoubted cases of tar cancer to be diagnosed as nonmalignant, because the 
“precancerous” condition was not present. 

If the statements in the text books were correct and tar cancer did not develop 
in the absence of a typical tar skin, then, since there were 66 affected men in the 
present series, one would expect that there would be at least 66 men, and probably 
more, who would show typical tar skin. In fact, there were only four men who 
showed every one of the changes mentioned above to an extent that could be con- 
sidered abnormal. If the presence of all but one of the changes is taken as a “pre- 
cancerous condition,” then only 13 men (instead of at least an expected 66) could 
be said to have such a skin. If the diagnosis of a “precancerous condition” is accepted 
on the presence of all but two changes, even then in only 33 workers could such a 
diagnosis be made. 

This point can be looked at in another way. If tar cancer does not develop except 
on a chronic tar skin, each one of the 66 affected men in the present series ought 
to have had a diagnosable chronic tar skin. Reference to Table 1 will show, however, 


Tas_e 1.—Numbers and Percentages of Men Showing Any Two, Three, and More Skin Changes 
Men Who Have Had Tar Warts Only 


Total 
Number Change 2Changes 3Changes 4 Changes 5 Changes 6 Changes 7 Changes 8S Changes 9% Changes 


‘ 
Men No. % No. % No. % 


66 3 45 4 6.0 4 6.0 8 12.0 13 19.7 11 16.6 13 19.7 5 7.6 5 7.6 


Table shows the incidence of any two, three, and more changes (occurring together in the same man) in men who 
have had tar warts. (It should be noted that the numbers of men showing the lower number of changes do not include 
men with more changes; therefore, the statement that four men showed two changes means that each had only 2. Men 
with three or more changes are not included in this category.) 


that 3 of the 66 showed only one or none of the changes listed above; no less than 
19 showed only three or fewer changes. Moreover, it will hardly be contended that 
it is possible to make a diagnosis of a chronic tar skin on the presence simply of 
comedones, folliculitis, chronic erythema, and brown pigmentation. For such a 
diagnosis to be established, at least some of the other changes should be present. li 
then affections of the follicles, chronic erythema, and pigmentation are neglected, 
no less than 6 of the 66 men who had had tar warts had none of the other skin 
changes, and 14 had only one. 

It is plain from this that a typical, fully developed, chronic tar skin is not a 
necessary precursor to the development of tar cancer. If bias in recording the 
condition of the skin can be excluded (and I am convinced that it can), then to 
refer to “chronic tar skin” as a precancerous condition in such a way as to imply 
that it must necessarily precede malignant change is a dangerous mistake. 

The truth appears to be that each of the changes which occurs in skin exposed to 
tar develops independently. Some of the changes tend to develop earlier than others, 
but there is no definite sequence in their appearance. Whether in a particular man, 


4. Hueper.? Schwartz, L.; Tulipan, L., and Peck, S. M.: Occupational Diseases of the 
Skin,, Ed. 2, Philadelphia, Lea & Febiger, 1947. White, R. P.: The Dermatergoses, Ed. 4, 
London, H. K. Lewis & Co., Ltd., 1934. 
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for example, rough hyperkeratoses or capillary telangiectases will develop before 
tar warts is a matter of personal susceptibility. This irregular development of the 
various changes can be seen from Table 2. 


SUMMARY 
A survey of 241 workers in a tar distillery is reported. 
The changes found in the skin are shortly described. 


There is no evidence that fair-haired men are more prone to tar warts than are 
dark-haired men. 


There is significant evidence to show that susceptibility to acute tar erythema 
is related to susceptibility to tar warts. 


Chronic tar skin does not necessarily precede the development of tar warts. 


Taste 2——Numbers and Percentages of Men Showing Each Skin Chang 


Alteration Rough Capillary 

Come- Follicu- Chronie Brown Pig- in Skin Plane Hyper- Telangi- 

Numberof N dones * litis + Erythema* mentation* Texture Warts* keratoses Freckles * ectases * 

Exposure YO. % a % % No. 


‘ 
ll 


lro mo Ben 


3 


5 
2 


100.0 


45 and over 100.0 


to 


gS 46.6 


| = 
w on 


Totals.... 241 31. 58. 56 3 


* In excess of normal. t Five or more lesions. Table shows the incidence of each of the skin changes in relation to years 
ot exposure. 


The South Eastern Gas Board, 589 Old Kent Road, London S. E. 15, England. 

It has been possible to carry out this survey of occupational skin cancer among tar workers 
and to present the results through the cooperation of the South Eastern Gas Board and its 
employees. 

ABSTRACT OF DISCUSSION 

Dr. Leonarp F. Weser, Chicago: Since Dr. Fisher discussed the fair-haired and the darker 
type of skin, I should like to make this observation which has resulted in connection with 
Negroes employed in the tar industries of Chicago. I might say that I am interested in five 
plants that deal with tar. One plant has had Negro employees for 15 years, and in none of them 
have any changes developed which I could attribute to tar. In another plant where during the 
last 10 years Negroes have been employed, there was a high incidence of cutaneous changes due 
to tar, but none so far have resulted in serious damage. In relation to malignant diseases due to 
tar, | have had only one patient who died from such a condition, and his case was carcinoma of 
the scrotum and penis. The mortality, in my experience, has not been high. 

One other important point which we must keep in mind is the preemployment examination 
of workers. Our manufacturers are inclined to take good care of their machines, but if we 
don’t have good human machines, the mechanical machines can go bad. 
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7 23.3 19 63.3 16 53.3 21 70.0 9 30.0 26.6 3.3 4 13.3 ll 36.6 . 
| 7 25.0 20 714 17 60.7 21 75.0 5 17.9 1 42.9 10.7 8 28.6 13 46.4 
T8.....:55 6 316 12 63.2 15 79.0 12 «= 68.2 6 31.6 42.1 15.9 6 31.6 a8 57.9 
8 28.6 («60.7 17 60.7 23 82.1 50.0 53.7 179 «10 «63.8 2 714 
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ie A DISCUSSION of poisoning resulting from occupational exposure to mer- 
cury, Hamilton? has pointed out that industrial poisoning by mercury vapor 
had been recognized previous to the Roman era. Additional evidence that the 
danger of poisoning by mercury vapor has been recognized for centuries is found 
in the fact that in Austria, as early as 1665, the length of the workday in mercury 
mines was reduced to four hours and the days of work were limited to eight per 
month, 


Over the years, mercury has found its way into many industrial processes out- 
side the mining industry. Neal? listed several processes, involving more than 30 
types of employment, in which there was potential exposure to mercury vapor. 


A very extensive description of mercurialism associated with the carroting of 
fur and with the fabrication of felt hats was included in the reports of Neal and 
co-workers.’ These investigators concluded that exposure to concentrations at 
least as high as 2 mg. of mercury per 10 cubic meters (m.*) of air, continued for 
a minimum of two years, was required to produce the classical symptoms of mer- 
curialism. Dimitri and Cia* have described a case of mercurialism in a hat factory 
in which the victim had been exposed only one month. Presumably, the severity 
of the exposure in this instance was well above threshold levels. The desirability 


This paper was presented in part at the Detroit meeting of the American Industrial Hygiene 
Association, April, 1949. 


From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 
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of the use of a substitute for mercury as a carroting agent was indicated in 1935,° 
but evidently this has not been accomplished uniformly, since 13 years later another 
case of mercurialism in the hat industry was reported.® 


Mercurialism has also been observed among pest exterminators,’ men employed 


in the manufacture of seed dressings,’ painters using an antifouling paint,® muni- 
tions workers,'® and persons employed in thermometer shops.*? Mercury poisoning 
might have been anticipated in connection with the manufacture of dry batteries if 


the reported levels '* of exposure to mercury vapor had been continued for a suf- 
ficient length of time. 


Carelessness in laboratories has brought repeated warnings against the hazard- 
ous vapors from mercury spilled and allowed to remain on floors.** Stock ** also 
claimed that dental fillings containing mercury created a hazard. Unusual sus- 


ceptibility or sensitization to mercury must have contributed to the observed ill- 


nesses if Stock’s claims were true. Borinski’® and several other investigators 


denied the validity of the claim that amalgam fillings made from mercury and a 
“noble” metal gave rise to poisoning from mercury ; they also pointed out that many 
persons included in the investigations made by Stock had dental fillings made from 


mercury amalgamated with copper. The somewhat greater solubility of copper- 


mercury fillings might have resulted in the swallowing of significant amounts of 
mercury. This may offer some explanation of the observations reported by Stock. 


5. Holstein, E.: Sul mercurialismo nelle fabbriche di cappelli e sui tentativi di adoperare un 
procedimento privo di mercurio nel trattamento del pelo, Rass. med. indust. 6:240, 1935. 


6. Zanetti, E., and Brigatti, L.: La stomatite nel mercurialismo cronico con particolare 
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Zangger ** found high concentrations of mercury in samples of urine obtained 
from dental technicians and concluded that their handling of dental materials gave 
rise to some exposure to mercury. 


Recently evidence has been adduced by Warkany and Hubbard ** to indicate 
that the syndrome of acrodynia, which occurs among young children, is often the 
expression of the absorption of mercury. Other data*’ gathered from a number 
of sources have strengthened this hypothesis and have demonstrated absorption from 
multiple uses of mercurial ointments and especially, in certain rather extensive areas, 
from the persistent use of teething powders containing mercury. 

Over a period of some 30 years there has been a tendency to rely upon pro- 
gressively more minute abnormalities as evidence of incipient mercurialism. The 
most commonly accepted maximum allowable concentration of mercury in the air 
of workrooms, 1 mg. per 10 m.*, appears to have been based upon the failure of 
investigators to find any clinical evidence of mercurialism among workmen sub- 
jected to prolonged exposure to atmosphere bearing less than 2 mg. of vaporized 
or finely divided mercury per 10 m.° It should be pointed out that no convincing 
evidence has been obtained by the careful clinical and physiological study of men 
to demonstrate that the presently accepted maximum allowable concentration of 
1 mg. per 10 m.° represents a genuinely safe level of mercury in the atmosphere of 
industrial establishments, nor has there been histological proof that experimental 
animals suffer no tissue damage after prolonged exposure to such a concentration. 

There have been relatively few well-controlled investigations in which experi- 
mental animals have been exposed to mercury vapor. Ricker and Hesse '* exposed 
rats, mice, guinea pigs, and rabbits to mercury vapor. Some lesions were found 
in the kidneys and intestines after such exposure, but the lesions seen in the lungs 
were regarded by these investigators as of greater significance. Holtzmann *° 
exposed guinea pigs to air saturated with mercury at 13 C. (equivalent to approxi- 
mately 100 mg. per 10 m.*). He observed an increase in the mercury content of 
tissues and reported the development of colitis among the exposed animals. Fraser 
and co-workers *! exposed dogs to concentrations of mercury vapor varying from 
19 mg. per 10 m.° to 200 mg. per 10 m.* Deaths resulted from comparatively brief 
exposure to concentrations of 60 mg. or more per 10 m.* and also from exposure 
to 30 mg. per 10 m.* over a period of 24 weeks. Stock ** exposed guinea pigs to 

16. Zangger, H.: Erfahrungen tber Quecksilbervergiftungen, Arch. Gewerbepath. u. Gewer- 
behyg. 1:539, 1930. 

17. Warkany, J., and Hubbard, D. M.: Mercury in the Urine of Children with Acrodynia, 
Lancet 1:829, 1948. 

18. Warkany, J., and Hubbard, D. M.: Adverse Mercurial Reactions in the Form of 
Acrodynia and Related Conditions, Am. J. Dis. Chil. 81:335, 1951. 

19. Ricker, G., and Hesse, W.: Ueber den Einfluss des Quecksilbers, namentlich des eingeat- 
meten, auf die Lungen von Versuchstieren: Mit einem Abschnitt tiber die Lungengefassnerven, 
Arch. path. Anat. 217:267, 1914. 

20. Holtzmann: Zur Frage des Verhaltens von Quecksilber im’ Korper, Arch. Hyg. 
106:377, 1931. 

21. Fraser, A. M., and others: Mercury-Laden Air: The Toxic Concentration, the Propor- 
tion Absorbed, and the Urinary Excretion, J. Indust. Hyg. 16:77, 1934. 


22. (a) Stock.14 (b) Stock, A., and Cucuel, F.: Aufnahme und Verteilung des Quecksilbers 
im Organismus, Angew. Chem. 47:801, 1934. 
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60 to 70 mg. per 10 m.* and dogs to air with one one-hundredth saturation of 
mercury vapor (the concentration may have varied between 1 mg. and 10 mg. or 
more per 10 m.*, depending on the temperature employed to vaporize the mercury ) ; 
he found high concentrations of mercury in some organs of the exposed animals. 

The observations of Adamo ** on guinea pigs exposed to varying amounts of 
moisture, carbon dioxide, and mercury vapor in the atmosphere led him to con- 
clude that elevated concentrations of carbon dioxide and high humidity increased 
the severity of the damage caused by mercury vapor. (Certainly the increase in 
the respiratory volume under the influence of even a slight increase in the carbon 
dioxide tension gave rise to greater absorption of mercury.) Barbera ** exposed 
rabbits to mercury vapor and found lesions in the adrenal glands that differed some- 
what from the lesions produced by salts of mercury. 


Although some investigators have determined the amounts of mercury in the 
tissues of experimental animals *° or excreted in the urine during the course of their 
experiments *! and other investigators have described lesions in animals exposed 
to mercury,*® there appears to have been no thorough and systematic investigation 
of the effects of prolonged exposure of animals to small and carefully controlled 
amounts of mercury vapor in the air. In both men and animals available data 
seem to indicate that there is no satisfactory correlation between mercury absorp- 
tion and mercury excretion. 


EXPERIMENTAL PROCEDURES 


In an effort to elucidate the relationships which may exist between the absorp- 
tion of mercury from the air, the distribution of mercury in the tissues, the means 
and rate of its elimination from the body, and its production of pathologic changes 
in the tissues, a series of experiments were undertaken. The purposes of these 
experiments may be expressed as follows: (1) to find some method based upon a 
physiological response to mercury by which the magnitude and severity of exposure 
of the living animal can be determined; (2) in following up the preceding ends, to 
determine, if possible, what are the factors that appear to invalidate the rate of the 


urinary excretion of mercury as an indicator of the rate of absorption of mercury 
into the body. 


EXxpeRIMENT 1.—Fourteen rabbits were exposed to mercury vapor in an average concentration 
of 288 mg. of mercury per 10 m.° of air for periods ranging from 1 to 30 hours. All the animals 
except one (rabbit 87, subjected to 30 hours of exposure) survived; they were killed and 
examined on the morning of the sixth day after that on which the experiment was initiated. 


23. Adamo, M.: La tossicita dei vapori di mercurio in diverse condizioni ambientali, Rass. 
med. indust. 10:684, 1939, 

24. Barbera, L.: Experimental Investigations on the Changes in the Adrenal Glands Caused 
by Mercury Vapors, Pathologica 37:18, 1945. 

25. (a) Stock.14 (b) Holtzmann.2® (c) Stock and Cucuel.22® (d) Harger, R. N., and others: 
Tissue Storage of Mercury Following Repeated Administration of Organic Mercury Diuretics 
or Mercuric Chloride, Federation Proc. 6:258, 1947. 

26. Barbera.24 Harger.254 Francioni, G.: Lesioni istologiche del sistema nervoso centrale 
nell’avvelenamento sperimentale da vapori di mercurio, Rass. med. indust. 6:110, 1935. Hunter, 
D., and others: Poisoning by Methyl Mercury Compounds, Quart. J. Med. 9:193, 1940. Simonds, 
J. P., and Hepler, O. E.: Experimental Nephrophathies: A Comparison of the Toxic Action 
of Uranium, Mercury and Chromium on the Kidneys, Arch. Path. 40:362, 1945. 
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Representative sections of the tissues were taken for microscopic examination, and the remainder 
of such tissues were subjected to analyses for their mercury content by one of us (D. M. H.) 
in accordance with methods described elsewhere.27 


The animals were exposed in a 615 liter chamber. Mercury vapor was fed into an air stream 
which flowed through the chamber at the rate of 200 liters per minute. The arrangement of the 
apparatus and the manner in which mercury was introduced into the air stream are illustrated 
in Figure 1. The volume of air entering the chamber was carefully controlled, and the tempera- 
ture of the air varied between 72 and 89 F. The concentration of mercury in the air was deter- 
mined by analyzing 27 suitable amounts of solutions (potassium permanganate and sulfuric acid) 


used to absorb the mercury from samples of air drawn from the chamber into evacuated glass 
balloons. 


Valve for Controling 
Rate of Flow 


(0) Surge Tank 


Rotameter 


Filter 
Chamber 


Air Pump 


Mixing 


Exposure Chamber 


Ss ling Port: 
—— Sampling 


Partially Filled with Metallic Mercury 


Fig. 1—Schematic diagram of the apparatus used to produce concentrations of mercury 
vapor in the air inhaled by the experimental animals discussed in this report. 


Table 1 affords an opportunity to relate the duration of exposure to a relatively constant 
concentration of mercury vapor to the concentrations of mercury found in the tissues and to the 
extent of the damage observed by the pathologist (Ff. R. D.). It is readily apparent that 
exposure to air laden with mercury at a concentration of 288 mg. per 10 m.* for periods as short 
as one hour induced severe damage, although the concentrations of mercury in the affected 
tissues following brief periods of exposure were only slightly elevated (as compared with those 
found in the tissues of the fatally poisoned animal). The concentrations of mercury in the tissues 
seemed to increase fairly consistently as the length of exposure increased. Data plotted in 
Figure 2 indicate that the concentration of mercury reached its highest level in the kidney. The 
concentrations in the liver were of about the same order of magnitude as those found in the brain, 
but they were much lower than those found in the kidney. 


The concentrations of mercury in the other organs were comparable to those in the brain, 
the values for the lung being a little higher and the values for blood a little lower. 


27. Cholak, J., and Hubbard, D. M.: Microdetermination of Mercury in Biological Material, 
Indust. & Engin. Chem., Anal. Ed. 18:149, 1946. 
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Fig. 2.—Relative concentrations of mercury in kidney, liver, and brain. Experiment 1. 
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Fig. 3.—Urinary excretion of mercury. Experiment 2. 
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The rapidity of development of serious damage to the tissues as the result of inhalation of 
the concentrations of mercury in the air to which the animals were subjected in this preliminary 
experiment indicated quite clearly that the experimental conditions were far too severe for 
prolonged investigation. 

EXPERIMENT 2.—A group of 16 rabbits was exposed to 60 mg. of mercury per 10 m3 of air 
for periods of seven hours per day on five days per week. The length of the total period of 
exposure of individual animals varied from 1 to 11 weeks. 

Between the periods of exposure to mercury vapor, the rabbits were housed individually or 
in pairs in cages so constructed that all urine voided by the animal or animals in each cage could 
be collected in a glass container. Samples of urine collected over week ends (from Friday 
evening until Monday morning) were analyzed for their mercury content, and from these results 
the average amount of mercury excreted daily per rabbit was obtained at the end of each week 
of the experiment. During the remainder of each week only a part of the urine voided each day 
was obtained for analysis, and these results provided information relating to the variations in the 
concentrations of mercury in the urine of the rabbits. 


TABLE 2.—Average Output of Mercury by Rabbits in Samples of Urine Collected After 
Successive Weekly Periods (Five Days) of Exposure to Mercury Vapor 


Experiment 2 


Time of Collection in Rela- 
tion to Preceding Serial 
Day and Week 
ot Exposure Average Amount of 
No. of Rabbits Mercury in Urine,* 
Serial Day Serial Week in Group Mg./Day/Rabbit 
15 0,282 
0.412 
0.339 
0.387 
0.588 
0.262 
0.079 
0.076 
0.018 
0.056 


or 


8 
4 
3 


* The quantity of mercury present in the portion of urine used for analysis amounted to 0.020 mg. or 


more in every instance. In most instances more than 0.10 mg. was present. 


Blood samples were obtained for analysis from different animals at various intervals so as 
to reveal the trend in the concentration of mercury in the blood by weeks. 


In this experiment and in the two that followed it, the average concentration of mercury 
vapor in the chamber each day was measured by the continual bubbling of a stream of air drawn 
at a constant rate from the chamber through an absorber containing aqueous potassium perman- 
ganate and sulfuric acid; mercury caught in the liquid absorbent was determined chemically. The 
duration of the sampling covered most of the period of exposure every day. A mercury vapor 
detector (an electronic instrument of the General Electric Company) was used at hourly intervals 
to check the concentration of mercury vapor during the course of each period of inhalation. 
Other procedures were the same as those outlined in the preliminary experiment. However, 
there was considerable variation in the temperature within the chamber, which in this experiment 
occasionally rose to as high as 94 F. At such times the respiratory rates of the rabbits were 
greatly increased. 

The concentration of mercury in the urine of the exposed animals has been plotted against 
the duration of the exposure in Figure 3. The results are too variable to reveal any well-defined 
trend. There is evidence of a rapid but highly variable increase in the concentration of mercury 
during the first week of exposure, but this tends to taper off during the subsequent five to six 
weeks and finally falls to lower levels in spite of the continuance of the exposure to mercury 
vapor. A corresponding trend of events was seen when the average amounts of mercury found 
in the samples of urine collected over week ends were plotted against time (Table 2). 
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Although some of the animals were exposed for as many as 12 weeks, none died. However, 
severe tissue damage was observed, and the severity of the damage corresponded generally to 
that described in the animals of the preceding experiment, with one exception, namely, that less 
severe damage was found in the colon. Table 3 summarizes the histopathologic findings. 


TABLE 3.—Damage Found in Tissues of Rabbits Exposed to Mercury Vapor in Air, 60 
Mg./10 M.#, Seven Hours per Day, Five Days per Week 


? 


Identifi- Duration 
cation of Extent of Tissue Damage 
No. of Exposure, 

Rabbit Wk. 


Kidney Jive Brain Heart Colon 


Lung 
1 ++ ig 
4 + + ++ + + 

- +H Broncho- 

pheumonia 


TaBLe 4.—Concentrations of Mercury Found in Tissues of Rabbits 
Exposed to Mercury Vapor, 60 Mg./10 M8 


Experiment 2 


Identifi- tion of 

cation Expo- Concentration of Mereury in Tissue, Mg. 100 Gm. 

No.of sure, — — 

Rabbit Wk. Blood kidney Liver Colon Brain Heart 
95 
100 
104 
102 
12 
96 
98 
106 
99 


Lung Spleen 
0011 7.000 0.200 0.089 0.005 0.006 0.760 

0.007 7.030 0.102 0.170 Nil 0.090 

0.035 23.200 0.343 0.037 0.713 


0.020 7.250 0.223 0.024 0.625 0.049 0.528 


0.120 16.100 1.(P0 0.220 0.590 0.157 1.200 


0.017 16.900 0.128 0.064 330 0.031 195 
0.043 16.200 0.380 0.240 350 0.082 508 

_ 12.700 6.620 0.148 150 0.088 307 
0.360 12.600 0.278 0.136 A470 0.049 190 
101 -- 12.300 0.700 0.071 JW 0.069 54 


107 0.040 17.800 0.710 0.166 780 0.140 880 0.350 
109 0.165 14.200 0.980 0.400 620 0.164 .780 0.680 
110 * 2 0.173 1.600 0.310 0.071 0.099 0.046 250 
105 * 0.300 6.900 0.360 O.0P0 0.072 0.170 1.610 


108 * 0.130 15.800 0.630 0.280 0.790 0.300 1.380 


ma” 0.100 10.300 0.830 0.970 0.790 0.099 0.960 0.0389 


* Death occurred several hours after cardiae puncture. Tissues were saved for chemical analysis but 
because of postmortem changes not for microscopic examination. 


Pairs of animals were killed on successive Mondays (their last period of exposure having 
occurred on the preceding Friday) by bleeding to the point of exsanguination or by inducing 
air embolism. At autopsy, extreme care was exercised in the removal of organs so as to avoid 
contamination of organs of low-mercury content through contact with organs of high-mercury 
content. 

The amounts of mercury found in samples of lung were highly variable and unrelated to 
the duration of the exposure. Apparently the lung was merely the portal of entry into the body, 
and evidently a variety of factors, other than the duration of exposure to a given concentration 
of mercury, determined how much mercury could be found in the lung at any given time. 
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Fig. 4.—Relative concentrations of mercury in kidney, liver, brain, and spleen. Experiment 2. 


mo 045 

= 04 Blood drawn after 
a exposure on 5th day 
8 035 of each week —{— 

ive) 

03 t 

o2 02 

z= 015 > <= 

> 

=> 


WEEKS OF EXPOSURE 


Fig. 5—Concentrations of mercury in blood. Experiment 2. 
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The values for the kidneys (Fig. 4, Table 4), at all stages of the exposure represented by 
available samples, were very high, from 10 to 100 times higher than those found in other tissues 
at corresponding periods of exposure. There was a somewhat irregular increase in the concen- 
tration in the kidney with increase in the duration of exposure up to an apparent maximum, 
which was reached at about the fourth or fifth week. The concentrations of mercury in the liver 
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Fig. 6.—Urinary excretion of mercury. 


MERCURY CONTENT OF URINE (RABBITS) 


Experiment 3. 
TABLE 5.—Average Output of Mercury by Rabbits in Samples of Urine Collected After Sue- 
cessive Weekly Periods (Five Days) of Exposure to Mercury Vapor 
Experiment 3 
Time of Collection in Rela- 


tion to Preceding Serial 
Day and Week 


of Exposure Average Amount of 
No. of Rabbits Mereury in Urine,* 
Serial Day Serial Week in Group Mg./Day, Rabbit 
i 6 O.O1LS 
10 2 8 0.0194 
15 3 6 0.0214 
20 4 6 0.0271 
25 5 6 0.0210 
30 6 s 0.0312 
7 0.1228 


0.0280 
0.0404 
0.0212 
0.0421 
0.0336 


* The quantity of mercury present in the portion of urine 


used for analysis amounted to 0.017 mg. or 
more in every instance. 


were less than 10% of those found in the kidney, but here also there was a tendency, much less 
well defined because of variability in the results, toward progressive increase in the concentration 
as the experiment progressed. 

Of great interest are the results of the analyses of the brain shown in Figure 4. The con- 
centrations were of the general order of magnitude of those found in the liver, being slightly 
higher than the latter, and there was strong positive correlation between the concentration of 
mercury in the brain and the duration of the exposure. 
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TABLE 6.—Average Output of Mercury by Rabbits in Samples of Urine Collected After 
Termination of Exposure to Mercury 


Experiment 3 


Rabbits Previously Exposed Rabbits Previously Exposed 


to Mereury Vapor on to Mereury Vapor on 
Each of 60 Days Each of 50 Days 
Average Average 
Time After Amount of Amount 
Last Mercury in of 
Day of No. of Urine, No. of Mercury in 
Exposure, Rabbits in Mg./Day Rabbits in Urine, 
Wk. Group Rabbit Group Mg./ Day 
3 0.0220 1 -- 
3 0.0078 1 0.0096 
2 0.0089 1 0.0059 
2 0.0024 1 0.0030 
1 0.0030 1 0.0011 
1 0.0005 
1 0.0013 
1 0.0009 * 


* This result represents the output for a single day rather than the average for one week, since the animal 


was killed for gross and microscopic examination of its tissues on the day after that on which the sample 
was collected. 


TaBLeE 7.—Comparisons of Results of Analysis of Samples of Blood Collected From Rabbits 
on Friday After Exposure to Mercury Vapor and Approximately Sixty-Four 
Hours Later, Prior to Next Period of Exposure 


Friday Monday 
Identifi- Duration — - 
eation of Weight of Weight of 
No.of Exposure, Sample, Hg Found, Meg. Hg Sample, Hg Found, Meg. Hg/ 
Rabbits Wk. Gm. Mg. 100 Gm. Gm. Mg. 100 Gm. 


Experiment 


3—Average Concentration of Mercury in Air, 8.6 Mg./10 M.3 


100 0.0300 


113-114 99.4 0.0045 0.0050 
115-116 2 25.6 0.0080 0.0310 98.1 0.0120 0.0120 
117-118 76.4 


0.0060 0.0370 0.0120 0.0160 


122 § 0.0160 0.0580 76.2 0.0053 0.0070 
123 6 0.0070 0.0280 53.6 0.0065 0.0095 
146 5 16.4 0.0064 0.0360 * 68.1 0.0057 0.0080 


0.0050 0.0220 
0.0350 


41.8 
43.7 
40.9 
23.1 


85.8 


0.0052 
0.0044 
0.0055 
0.0017 
0.0074 
0.0048 
0.0160 


0.0120 
0.9100 
0.0130 
0.0074 
0.0090 
0.0080 
0.0100 


0.0070 


0.0060 


0.0022 0.1210 


0.0180 
0.0120 
0.0073 


0.0620 


0.0500 58.3 


0.0220 


166.7 


Experiment 4—Average Concentration of Mercury in Air, 1.0 Mg./10 M3 


149 9 36.1 0.0015 0.0041 102.9 0.0035 0.0034 
151 26 36.1 0.0025 0.0070 79.4 0.0044 0.0055 
158 37 42.5 0.0018 0.0043 85.3 0.0134 0.0157 
164 46 41.1 0.0012 0.0030 62.6 0.0004 0.0006 
165 46 45.1 0.0008 0.0018 9.1 0.0013 0.0014 
162 47 44.0 0.0017 0.0040 87.6 0.0022 0.0025 
163 47 44.2 0.0010 0.0020 108.7 Nil Nil 

161 68 38.4 0.0029 0.0080 108.2 0.0030 0.0028 


155 83 36.1 0.0024 0.0070 88.4 Nil Nil 


141 7 20.0 
129 8 10.9 
140 8 29.1 
132 10 24.0 
134 12 33.9 
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The concentrations of mercury found in the spleens of the animals were slightly lower than 
those found in the brains and the livers and roughly one-fiftieth of those found in the kidneys. 
The results obtained on samples of colon and heart were of the order of those found in the 
spleens. 

Figure 5 depicts the concentrations of mercury found in samples of blood. The volume of 
blood needed for analysis, in view of the low concentration therein, was so great that only a 
few samples could be obtained after each week of exposure. The inscribed curve of Figure 5 
cannot be regarded as an adequate portrayal of the behavior of mercury with respect to its 
concentration in the blood during the period of this experiment because of the small number 
of results. It is merely the curve that best fits the available results. It seems probable that 
there was a prompt increase in the concentration of mercury in the blood over the period of 
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Fig. 7.—Relative concentrations of mercury in kidney, liver, brain, and spleen. Experiment 3. 


three weeks, at which time or thereabouts an approximate maximum was reached and was sub 
sequently maintained or nearly so. 

EXPERIMENT 3.—A third experiment was undertaken in which animals were exposed to 
conditions similar to those of Experiment 2 except that the mercury vapor content of the air 
was reduced to 8.6 mg. per 10 m.* of air, a level that is only nine times the commonly accepted 
maximum allowable concentration for industrial purposes. After 12 weeks the exposure of 
certain animals was terminated, and they were allowed to live for periods ranging from 3 to 
7% weeks longer. Analysis of the urine of the animals was continued throughout this post- 
exposure period. 

Figure 6 presents the data relating to the urinary concentration of mercury. Each point 
represents the average of the results obtained on samples of urine from two to six animals. The 
output of mercury in samples of urine collected over week ends during the course of Experi- 
ment 3 has been recorded in Table 5, and the output in the weeks that followed exposure to 
mercury for 10 and 12 weeks has been recorded in Table 6. 
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TABLE 8.—Concentrations of Mercury Found in Tissues of Rabbits Exposed 


Identifi- Duration 
cation of 
No. of Exposure, 

Rabbits Wk. 
113-114 * 1 
115-116 2 
117-118 3 

* 

120 4 
121-122 5 
146-147 5 
123-124 6 
144-145 6 
125-126 7 
141-142 7 
129-130 8 

140 8 

131-132 10 

133-134 12 
135 ¢ 12 
136 ¢ 12 
137 ¢ 12 
138 ¢ 10 


Concentration of Mercury in Tissues, Mg./100 Gm. 


Blood Kidney Liver 


0.0050 
0.0120 
0.0160 
0.0350 
0.0500 
0.0080 
0.0060 
0.0070 
0.0095 
0.0125 
0.0106 
0.0074 
0.0620 


0.99 


0.53 


0.032 
0.090 
0.079 
0.020 
0.125 
0.185 
0.159 
0.243 
0.485 
0.108 
0.097 
0.393 
0.305 
0.700 
0.260 
0.180 
0.205 
0.250 
0.323 


Colon 
0.013 
0.017 
0.027 
0.030 
0.045 
0.027 
0.018 
0.019 
0.030 
0.059 
0.031 
0.034 
0.028 
0.024 
0.013 
0.007 
0.017 
0.008 


Brain Heart Lung Spleen 
0.030 Nil 0.143 0.280 
0.050 0.015 0.104 0.065 
0.060 — 0.120 0.073 
0.044 0.180 
0.020 0.005 0.870 0.080 
0.120 O.O17 0.150 0.260 
0.098 0.017 0.196 0.094 
0.090 0.014 0.136 0.118 
0.102 Nil 0.164 0.141 
0.124 0.047 0.140 0,110 
0.170 0.014 0.053 0.021 
0.132 0.026 0.027 0.018 
0.110 0.025 0.120 0.100 
0.152 0.070 0.186 0.366 
0.120 0.023 0.106 0.300 
0.050 0.006 0.012 0.110 
0.063 Nil 0.005 0.092 
0.061 0.040 0.031 0.550 
0.047 0.007 0.006 0.050 


t These animals, from above downward, respectively, were killed for examination and analysis on 
17th, 32d, 38th, and 53d day after that of their last exposure. 


t 


TaBLeE 9.—Damage Found in Tissues of Rabbits Exposed to Mercury Vapor, 8.6 Mg./10 M2, 
: Seven Hours per Day, Five Days per Week 
Experiment 3 


but 


he 


4 Controls 


N No section. 
M Meningitis. 
A Artefacts. 


Identification Duration of 


No. of Exposure, 
Rabbits Wk. 
115-116 2 
117-118 
120 4 
121 5 
122 5 
146-147 5 
123-124 6 
144-145 6 
125-126 7 
141-142 7 
129-130 8 
140 8 
131-132 10 
133-134 12 
135 * 12 
136 * 12 
137 * 2 
138 * 


Liver 


i+1+12 


Extent of Tissue Damage 


Brain 


Heart 


F Marked focal fibrosis, probably due to repeated cardiac punctures. 


Colon 


* These animals, from above downward, respectively, were killed for examination 
17th, 32d, 38th, and 53d day after that of their last exposure. 


and analysis on the 


32 
= | 
1.75 
1.95 
2.60 
1.71 
3.50 | 
3.25 
3.00 
2.63 
2.62 \ 
4.65 
2.60 | 
3.31 ‘ 
0.0233 4.00 , 
0.0100 3.50 i 
0.0010 2.35 
0.0030 0.83 
0.0040 0.97 
0.0010 
* Death occurred several hours after cardiac puncture. Tissues were saved for chemical analysis Hi _ 
q because of postmortem changes not for microscopic examination 
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The data on the concentration of mercury in samples of blood obtained during and after 
exposure to 8.6 mg. of mercury per 10 m.® of air did not reveal any very definite trend in asso- 
ciation with the progress of the experiment. The levels of mercury in blood samples collected 
each week at 5:00 p. m. on Friday (the last day of the week on which the animals were 
exposed) were compared with those found in samples taken on the following Monday morning, 
approximately 64 hours later. The results obtained on Fridays were rather variable but were 
generally more than twice as high as those obtained on Mondays (Table 7). The latter series 
of results appeared to follow a sequence not dissimilar to that seen in Figure 5, but the concen- 
trations were only one-tenth as high. 

The average concentration of mercury in the blood of the rabbits at the end of the second 
week of exposure and also during the remaining period of exposure was 0.03 mg. per 100 gm. 
of blood. After the cessation of exposure, the concentration of mercury in the blood dropped 
rapidly to a very low level, ranging from 0.0010 to 0.0040 mg. per 100 gm. of whole blood. 

In Figure 7 the concentrations of mercury found in the kidney are compared with those found 
in liver, brain, and spleen (also Table 8). The average concentration of mercury in the kidney 
after the sixth week of exposure was 50 to 200 times as high as that in the blood, 10 times as 
high as that in the liver, and 30 times as high as that in the brain, but it was still far less than 
that in the kidneys of animals exposed to higher concentrations of mercury in the air in the 
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Fig. 8—Urinary excretion of mercury. Experiment 4. 


previous experiments (Table 1 and Fig. 4). The kidneys containing these concentrations of 
mercury were damaged, but the damage was of a mild and reversible type. The concentrations 
of mercury in the kidney fell rapidly after the cessation of exposure but, like those in the urine, 
did not fall to nil within the period of seven and one-half weeks. The concentration of mercury 
in the brain also dropped rapidly during the first few weeks after the termination of the exposure, 
but measurable quantities of mercury were found in the brains of animals of this group which 
were killed for examination and analyses several weeks later. 

In this experiment, the analytical values for the spleen differed from those for the brain 
and liver, and this difference was greater than was the case in either Experiment 2 or Experi- 
ment 4. 

Mercury was lost at relatively slow rates from the liver and brain after exposure had ceased 
(cf., Fig. 4). The rapid disappearance of mercury from other organs, with the exception of the 
kidney, appeared to correspond roughly with the relative inability of such organs to take up 
mercury during the period of exposure. 

The time at which microscopic evidence of damage to tissues appeared during this experiment 
and the relative rate of recovery following the termination of exposure are shown in Table 9. 
Damage to the cells of the kidney was still discernible, but it was of only moderate severity 
17 days after the last day of exposure. The recovery of this organ progressed rapidly at first, 
but evidence of some small amount of remaining cellular damage could still be found as late as 
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seven and one-half weeks after the final day of exposure to mercury vapor. The brain did not 
undergo repair as rapidly as did the kidney, and moderate damage was still evident in sections 
of brain obtained several weeks later. 

It was apparent that the concentration of mercury to which these animals were exposed was 
too high for their safety from injurious effects. This fact led us to test the safety of the presently 
accepted maximum allowable concentration (1 mg. per 10 m.*) for experimental animals. 


TABLE 10.—Average Output of Mercury by Rabbits in Samples of Urine Collected After Suc- 
cessive Weekly Periods (Five Days) of Exposure to Mercury Vapor 


Experiment 4 


Time of Time of 


Collection Average Amount of Collection Average Amount of 
in Relation Mercury in Urine in Relation Mercury in Urine 
to Serial 


to Serial 
Week of No. in Mg./Day Week of 
Exposure Group Rabbit Exposure 


A 


No. in Mg./Day/ 
Group Rabbit 


0.0026 0.0016 
10 0.0023 6 0.0010 
9 0.0016 6 0.0028 
8 0.0026 6 0.0025 
7 0.0036 6 0.0021 
7 0.0028 6 0.0022 
7 0.0037 6 0.0023 
7 0.0026 6 0.0027 
7 0.0025 6 0.0027 
6 0.0015 6 0.0024 . 
6 0.0049 6 0.0022 
5 0.0025 6 0.0026 
10 0.0010 4 0.0020 
10 0.0029 4 0.0030 
10 0.0010 1 0.0034 
9 0.0025 3 0.0016 
9 0.0019 3 0.0024 
8 0.0020 3 0.0027 
8 0.0020 3 0.0019 
8 0.0019 3 0.0010 
8 0.0028 3 0.0012 
8 0.0041 3 0.0028 
8 0.0025 3 0.0041 
10 0.0026 3 0.0019 
10 0.0033 3 0.0024 
10 0.0029 3 0.0010 
9 0.0049 2 0.0039 
9 0.0033 70 2 0.0026 
9 0.0028 71 2 0.0025 
9 0.0021 72 2 0.0017 
8 0.0020 73 2 0.0016 
8 0.0029 74 2 0.0027 
8 0.0015 7 2 0.0052 
0.0021 2 0.0029 
7 0.0058 Wee 2 Nil 
7 0.0022 78 2 0.0021 
7 0.0020 79 2 0.0045 
7 0.0022 80 2 0.0088 
7 0.0052 81 2 0.0019 
7 0.0019 2 Lost 
7 0.0026 BB. 1 0.0022 
7 0.0022 


The quantity of mercury present in the portion of urine used for analysis was in the range 0.001 to 
0.005 mg. in most instances. The mercury content of a few samples included in the above averages was nil. 


EXPERIMENT 4.—Eighteen rabbits, 25 rats, and 2 dogs comprised the group of animals which 
were subjected to the inhalation of air containing vaporized mercury in the concentration of 
1 mg. per 10 m.3 for seven hours per day on five days per week over a prolonged period of 
weeks. By training dogs to urinate only when placed in cages especially designed for the collec- 
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tion of urine, it was possible, with but few exceptions, to obtain the complete daily urinary 
output of each dog over selected intervals of time. Such daily samples were analyzed individually. 

The concentration of mercury in samples of the urine of the dogs was subject to wide 
variability. For example, it varied between 0.005 and 0.077 mg. per liter during the 10th week, 
between 0.006 and 0.057 mg. per liter during the 25th week, and between 0.013 and 0.088 
mg. per liter during the 35th week of the experiment. When the results were averaged on a 
weekly basis, they were still quite variable, as may be seen in Figure 8. These values seemed 
to follow two somewhat different curves: (1) y = 0.0159 + 0.004134 — 0.00022x? represents 
the formula for the curve that seems to fit these data best for the initial 10 to 15 weeks of the 
experiment, while (2) y = 0.0374 + 0.000047 expresses that best fitted to the data for weeks 
19 through 83. The average concentration of mercury for the latter period was 0.04 mg. per 
liter. These curves indicate that the urinary concentrations of mercury rose rapidly during the 
first few weeks of the experiment but very little thereafter. The total output of mercury in the 
dogs’ urine on either daily or weekly basis was just as variable as was the concentration. 

The average concentration of mercury in the samples of urine obtained from rabbits during 
each week is indicated in Figure &, also Table 10. There was somewhat less variability in the 
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Fig. 9.—Relative concentration of mercury in kidney, liver, brain, and spleen. Experiment 4. 


average values among the rabbits than among the dogs, this being in all probability the result 
of the larger number of rabbits, as compared with dogs, from which samples were obtained. 
(As the experiment was carried out, the number of rabbits decreased from 10 at the start to 7 
at the end of the 34th week, to 5 at the end of the 54th week, and then to 4, 3, 2, and finally 
1 at the end of the 58th, 68th, 82d, and 83d weeks, respectively.) The concentrations of mercury 
in the urine of the rabbits rose abruptly at the start of the experiment and were fairly uniform 
aiter the first 10 to 15 weeks. The average rate of excretion of mercury on the part of the rabbits 
was lower (0.013 mg. per liter) than that of the dogs and was only about one-tenth of that 
which obtained during the exposure of the rabbits to the higher concentration of mercury (8.6 
mg. per 10 m.*) in air. 

The concentrations of mercury found in the brain, kidney, liver, and spleen of rabbits exposed 
for various lengths of time are shown in Figure 9. The concentrations in samples of liver and 
of kidney rose rapidly after the start of the experiment and reached levels that were roughly 
one-tenth of those observed in the corresponding tissues during Experiment 3. The concentra- 
tions in the livers were lower than those in the kidneys, and those in the brains and spleens 
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TABLE 11.—Concentrations of Mercury Found in Tissues of Rabbits, Rats, and Dogs Exposed 


MEDICINE 


Identifi- Duration 
eation of Expo- 

No. sure, Wk. Blood 
Rabbits 


156 1 
3 0.0025 
148 4 0.0034 
5 0.0105 


6 0.0032 
7 0.0041 
8 


152 0.0050 
149 9 0.0038 
10 0.0P71 
12 0.0102 
14 0.0082 
153 15 Nil 
150 7 0.0054 
151 26 0.0054 
159 28 0.0126 
157 30 0.0066 
158 37 0.0119 
45 0.0105 
164-5 46 0.0016 
162-3 46 0.0043 
160 56 
161 68 0.0041 
154 82 0.0170 


0.0067 


28 
32 

37-38 _ 
29 
30 65 


0.0011 
0.0007 


TABLE 12.—Concentrations of Mercury Found in Samples of Blood and Brains of Rabbits 
in Each of Three Experiments 


Kidney 


0.0670 


0.3300 
OATTO 
0.4630 
0.3600 
0.3600 
1.1600 
0.7200 
0.3120 
0.4400 
0.2800 
0.3350 
O.3800 
0.3260 


O.3100 


0.1030 
0.6200 
0.1200 
0.3990 
0.5200 
0.3600 
0.4280 
1.0000 
1.5800 
1.8000 
0.1400 
0.8600 
O.9T00 
1.5500 
0.6400 


0.8600 
1.4724 


Liver 


0.0140 


0.0560 
0.0003 
0.0710 
0.1560 
0.0730 
0.0150 
0.0600 
O.0T05 
0.1040 
0.1200 
0.1600 
0.0900 


0.0037 
0.0108 
0.0148 


0.0069 
0.0469 
Nil 
0.0180 
0.0500 
0.0670 
0.0012 
0.0930 
0.0200 
0.0900 
0.0100 


0.0800 
0.4321 


Experiment 
No. 


Colon 


0.0060 


0.0345 
0040 


Nil 
0.0180 
0.0400 


0.0310 
0.1P63 


Brain 


O.0140 
0.0120 


0.0080 


O.124 
0.0120 
O.O410 
0.0240 
O0740 


0.0150 


0.0430 
0.0586 


Heart 


0.0330 
O.0077 
0.0062 
Nil 
Nil 


Nil 
0.0014 
0.1820 
0.0014 

Nil 
O.O110 


0.0060 
0.0035 


Concentration of Mercury in Tissues, Mg./100 Gm. 


Lung 


0.0227 
O.O750 


0.0380 


0.0570 
0.0200 
O.0280 
0.0780 
0.0410 
0.0360 


0.0100 


0.0580 
O.0804 


Gall- 
Bladder Spleen 


0.0160 


0.0220 
— Nil 


0.0750 


0.0215 0.0100 
0.0420 0.0180 
0.0150 
0.0030 
0.0220 0.0175 


0.0520 0.0330 


0.255 0.0640 
0.0099 0.0214 


Range of Values, 
Mg./100 Gm. 


Blood 
0.1000-0.200 
0.0110-0.040 
0.0025-0.020 


Brain 


0.600-1.600 
0.050-0,150 


0.008-0.4 


74 


Ratio of 
Coneentrations 
Hg in Brain 


Hg in Blood 
6-8 
4-4.5 


: 
- -- Nil 

Nil 
O.0077 

0.0075 
0.0055 
Rats 
Dogs 
MA-2 83 
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were somewhat lower than those in the livers. This relationship held throughout the four experi- 
ments, but the concentrations in the brains were unexpectedly low in the last experiment. 

The results of the analysis of the tissues of rabbits, rats, and dogs, as they relate to Experi- 
ment 4, are recorded in Table 11. The concentrations of mercury in the livers and kidneys of 
rats and dogs were slightly higher than those found in the corresponding tissues of rabbits, 
whereas the other tissues of dogs and rats contained mercury in concentrations of approximately 
the same order of magnitude. 

The blood levels of mercury were progressively lower from Experiment 2 to Experiment 4 
(Table 12), and it is evident that there was an even greater progressive decrease in the concen- 
tration of mercury in the brain. 

In the kidneys of one rabbit that was killed after the experiment had been in progress for 
30 weeks, there were foci of calcification of necrotic epithelial cells in a few scattered tubules, 
without associated active inflammatory responses. Such calcification is frequently seen in tubules 
which have been damaged by mercury, but it may also occur as a result of the pyelonephritis 
that often occurs in albino rabbits. It seems likely that this renal damage was the result of 
incidental disease rather than of an unusual susceptibility to mercury on the part of this rabbit, 
and this opinion is supported by the fact that other rabbits exposed to the same concentration 
of the vapor for much longer lengths of time suffered no such damage. 

No microscopic evidences of damage were found in tissues removed for biopsy from the 
kidneys of dogs after 38 (Dog MA-1) and 40 (Dog MA-2) weeks of exposure, nor in the 
tissues of animals exposed for 72 weeks (rats) or 83 weeks (dog, rabbit). Kidney function 
tests were performed on Dog MA-1 during the 41st and 60th weeks of the experiment and on 
Dog MA-2 during the 43d and &82d weeks. Fach dog was catheterized, the bladder emptied, 
and approximately 500 ml. of water was given by stomach tube. At the end of one hour a sample 
of blood was withdrawn from a vein of a leg, and the bladder emptied again. An hour later the 
bladder was again emptied, and the urea nitrogen in the sample of blood and the two samples 
of urine was determined by standard methods. The analytical results were used to calculate 
the urea clearance. When the urine had been collected the third time, 1 ml. (containing 6.0 mg.) 
of phenolsulfonphthalein was administered intravenously. At the end of one hour the bladder 
was emptied again, and the percentage of dye excreted by each dog was determined by diluting 
the samples of urine to a proper volume and comparing the samples with standards containing 
known amounts of dye. The results of these tests were all within the normal range and gave 
no evidence of abnormal kidney function. 


COMMENT 


The data in Tables 1, 3, and 4+ and in Figures 2 and 4, which represent the 
more important results of Experiments 1 and 2, respectively, are remarkably simi- 
lar. The severity of the damage and the concentrations of mercury found in the 
corresponding tissues of rabbits show that the lower concentration of mercury 
vapor (60 mg. per 10 m.*) inhaled by the animals in Experiment 2 was not so 
immediately dangerous as was the higher concentration (288 mg. per 10 m.*) to 
which the animals were subjected in Experiment 1, but it was correspondingly 
injurious when the animals were exposed to it for longer than two weeks. In 
Experiment 2, rabbits exposed for as long as six weeks were found to have incurred 
very nearly as severe damage as that observed among the rabbits used in Experi- 
ment 1, except in the instance of the colon which was injured much less severely 
in Experiment 2 than in Experiment 1. Although mercury accumulated in the 
tissues of rabbits comparatively slowly when the air inhaled contained no more 
than 60 mg. per 10 m.*, the concentrations in the tissues of the animals eventually 
reached levels as high as those observed in Experiment 1. Thus, a thirtyfold 
increase, approximately, in the duration of the exposure in Experiinent 2, as com- 
pared with that in Experiment 1, was capable of offsetting a fivefold decrease in 
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the concentration of mercury to which the rabbits were exposed. The significance 
of this fact in relation to prolonged human occupational exposure to mercury is 
evident and requires the most careful examination in the further experiments. 

Fortunately for the possibility of safe conditions of occupational exposure to 
mercury, the subsequent experiments demonstrated a sharp falling off in the sig- 
nificance of the values derived for concentration time as the concentration was 
diminished, whether in terms of injurious effect or accumulation of mercury in the 
animal tissues. In Experiment 3, in which the mercury concentration was 8.6 mg. 
per 10 m.* of air, there was great reduction in the severity of the damage to the 
organs of rabbits, while in Experiment 4, in which the concentration in the air 
breathed by rats, rabbits, and dogs was 1 mg. per 10 m.*, there was no evidence 
of damage after 83 weeks of exposure. Likewise, the quantities of mercury found 
in the tissues of rabbits in Experiment 3 were disproportionately small as com- 
pared with those in Experiments 1 and 2 and tended to reach a maximum beyond 
which they rose slowly, if at all. Any doubt as to the validity of the results 
obtained in this relatively brief experiment was dispelled by those of the last 
experiment, in which the quantities of mercury found after 83 weeks of exposure 
were again disproportionately minute, as compared with those of Experiment 3, 
and were not demonstrably greater than those found at the end of 15 to 20 weeks 
of exposure. It is true that a considerable variability obtained as between different 
animals and between different tissues in the same animal in Experiment 4, but the 
entire series of results was of such a different order of magnitude, as compared with 
those of Experiment 3, as to leave little reasonable doubt of the essential harmless- 
ness of the exposure of this last experiment over any finite length of time for the 
species of animals involved therein. 

Corresponding conclusions are arrived at from the results of the search for 
renal pathology and the excretory data of the several experiments. The concen- 
tration of mercury in the urine of the rabbits observed in this regard in Experi- 
ment 2 appeared to reach the maximum just at the time (about the sixth week as 
seen in Fig. 3) when the damage to the kidneys became severe (Tables 3 and 4). 
Microscopic examinations of the kidneys of rabbits exposed for longer lengths of 
time did not reveal any apparent increase in the severity of the cellular damage. 
However, a progressive decrease in the excretion of mercury via the kidney, as 
shown by the diminishing daily output of mercury in the urine, suggests either 
that the damage to the kidney became severer than microscopic appearances indi- 
cated or that it extended increasingly to involve more of the functioning tissue of 
the kidney. 

In Experiment 3, the concentrations of mercury in the urine of rabbits were 
quite low, as compared with those of Experiment 2, and the microscopic evidence 
of renal damage, while demonstrable, was much less. Here the rate of urinary 
excretion of mercury rose rapidly (Fig. 6) with the onset of exposure and appeared 
to reach a plateau in about three weeks. Thereafter, it appeared to fall off some- 
what, as it had done more strikingly in Experiment 2. The significance of this 
decrease will be the subject of later comment. Suffice it here to call attention to 
the fact that the output of mercury in the urine did not increase progressively but 
appeared rather to decrease after a certain period of exposure. 
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In Experiment 4, the concentration of mercury in the urine of both dogs and 
rabbits increased rapidly and reached an approximately maximum value at the 
fourth or fifth week, after which it remained substantially uniform for the remain- 
der of the period of exposure (83 weeks). That neither increase nor decrease in 
the urinary mercury concentration was demonstrable over so long a period of 
exposure, when considered along with the failure of mercury to accumulate to any 
significant degree in the tissues of the rabbits, would seem to point definitely to the 
establishment of an equilibrium between intake and output of mercury. (In this 
connection it may well be important to remember that these animals, like most 
persons involved in the mercury-using industries, were free of exposure on two 
days out of seven.) The total lack of evidence of damage to the kidneys of the 
animals, plus the maintenance of a uniform level of mercury excretion, argues for 
the harmlessness of this experimental regimen of exposure to mercury. 

Examination of the analytical data on the blood of the first three experiments 
demonstrates (a) that the concentrations of mercury in the blood varied with the 
severity of the exposure to mercury vapor and (/) that mercury was lost rapidly 
from the blood when the exposure ceased. In fact, the concentration of mercury 
in the blood dropped to nearly negligible levels within a few days, regardless of the 
total quantity of mercury accumulated in the animal organism. Such evidence, 
combined with that relating to the urinary excretion of mercury, demonstrates 
clearly that mercury was retained in the tissues of rabbits even under conditions of 
exposure only 8 to 10 times as intense as those of the presently accepted maximum 
allowable concentration, and even when the capacity of the kidney to excrete mer- 
cury had not been exceeded (cf., Figs. 2 and 6). 

The mercury concentrations in the blood of rabbits exposed to 1 mg. of mercury 
per 10 m.* of air (Experiment 4+), although elevated a little, were comparatively 
low and remained low throughout the period of exposure. In keeping with the 
substantially uniform urinary excretion of mercury, there was no evidence of pro- 
gressive increase. 

The apparent sharp decrease in the concentration of mercury in the urine of 
rabbits in the later weeks of Experiment 2 and the less evident but corresponding 
phenomenon in Experiment 3 are matters of great interest in view of the observa- 
tions that have been reported in connection with occupational exposure to mercury. 
Shoib and co-workers ** surveyed a group of men working under occupational 
conditions involving atmospheric contamination with mercury to the extent of 1.5 
to 4.4 mg. per 10 m.* The concentrations of mercury in the urine of these workmen 
were of the order of magnitude of those in the urine of our rabbits which were 
exposed briefly to air containing mercury to the extent of 60 mg. per 10 m.*; the 
concentrations were much greater than those in the urine of our rabbits which were 
exposed to the concentration of 8.6 mg. per 10 m.* Shoib indicated that the men 
involved in the longest periods of employment had the lowest concentrations of 
mercury in their urine and suggested that there had been a decrease in the ability 
of the kidneys to excrete mercury. A response of this sort was also observed in the 
rabbits of Experiment 2 (Fig. 3), but much higher concentrations of mercury vapor 
in air were required to produce it in the relatively short period of this experiment. 


28. Shoib, M. O., and others: A Study of Mercury Exposure, Am. Indust. A. Hyg. Quart. 
10:29, 1949. 
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Moskowitz *’ examined the data on the urinary mercury excretion of a group of 
men employed in manufacturing felt hats. Here there was no evidence that the 
urinary excretion of mercury decreased as the exposure to mercury was continued, 
despite an appreciable incidence of demonstrable mercurialism which was shown to— 
be correlated with the amounts of mercury present in the atmosphere (1 to 8 mg. 
per 10 m.*). 

The meaning of the experimental results on rabbits and of the observations on 
men just referred to is not entirely clear, nor is there adequate evidence obtained 
by long-term clinical study of workmen under well-defined conditions of occupa- 
tional exposure to mercury to demonstrate that the results presented here are neces- 
sarily pertinent. It is interesting, however, to speculate on a mechanism which may 
have been responsible for the diminution in the concentrations of mercury in the 
urine of animals exposed to demonstrably harmful concentrations of mercury in the 
atmosphere. Three possible explanations may be offered, as follows: (1) The renal 
damage which was evident in the rabbits of Experiments 2 and 3 may have inter- 
fered with the excretion of mercury without causing any remarkable change in the 
water output; (2) there may have been a sufficient amount of diuresis to bring 
about some degree of increase in the water output via the kidney and so to yield 
a decrease in the urinary mercury concentration without much actual decrease in 
the output of mercury per day, and (3) some tissue or tissues of the animals may 
through injury or otherwise have developed an increased capacity to retain mercury 
or, conversely, a decreased capacity to free themselves of mercury, hence removing 
it partially from the blood and preventing its being excreted in the urine. 

In examining these hypotheses, it should be noted that the first and third may 
well be opposite facets of the same process. In all the experiments the concentrations 
of mercury in the kidneys of animals exceeded those found in any other tissues 
of the same animal. The fact as to the behavior of this organ as the site of the great- 
est concentration of mercury, as well as the point of occurrence of the most obvious 
cellular damage when considered in connection with the source of the urine, fit 
together so aptly as to be highly suggestive—so aptly, perhaps, as to be deceptive. 

It is of some consequence to point out that by the time of the appearance of 
microscopic evidence of damage to the kidneys of the rabbits in Experiment 3 the 
concentration of mercury in the urine of these animals had gone above the level of 
0.1 mg. per liter and that it went below that level in only one or two samples there- 
after. It would seem likely that the urinary excretion of mercury on the part of the 
rabbit must not exceed that concentration by any very considerable margin or over 
any very considerable length of time, if renal damage is to be avoided. 

The concentrations of mercury within the kidney itself which are associated with 
freedom from injury, on the one hand, and with the occurrence of injury, on the 
other, are also of interest. The fresh kidneys of rabbits which contained up to 1.2 
mg. of mercury per 100 gm., those of dogs which contained up to 1.5 mg. of mercury 
per 100 gm., and those of rats which contained up to 1.8 mg. of mercury per 100 
gm. were devoid of microscopic evidence of damage, while those of rabbits which 
contained 2 to 4 mg. of mercury per 100 gm. were significantly injured (cf., Tables 7 
and 8 and Fig. 7). These data may be compared with those of Fitzhugh and 


29. Moskowitz, S.: Exposure to Mercury in Industry; A Statistical Study, Month. Rev. 
New York State Dept. of Labor 29:17, 1950. 
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co-workers *’ who fed mercury salts to rats. The rats showed evidence of renal 
damage when the concentrations of mercury in the kidney exceeded 1 to + mg. per 
100 gm. They failed to yield evidence of renal damage only when the average con- 
centration of mercury in the kidney was 0.45 mg. or less per 100 gm. In view of 
the damage reported in the tissues of rats fed mercury, even when the concentrations 
of mercury in their tissues were quite low, it seems likely that the concentration of 
mercury vapor in Experiment 4, 1 mg. per 10 m.*, is not far from the threshold of 
danger for rats in terms of damage to their tissues. 

It is evident that the concentrations of mercury in the urine of men as reported 
above *! and as found in several groups of workmen studied in this Laboratory * 
are much higher than those found in the urine of experimental animals subjected 
to similar concentrations of mercury in the atmosphere. Such data merely emphasize 
the fact that the results obtained from the study of experimental animals cannot 
be applied directly to man. Therefore these experiments are concerned primarily 
with elucidation of mechanisms and relationships and not with quantitative com- 
parisons. 

SUMMARY AND CONCLUSIONS 

Severe damage was observed in the kidneys, livers, brains, hearts, lungs, and 
colons of rabbits exposed to mercury vapor in air in the concentration of 288 mg. 
per 10 m.* over a period of four hours or more. Exposure to this concentration 
resulted fatally in the case of one of the two rabbits which were subjected to it for 
the longest period of time (six hours per day on five successive days). Microscopic 
evidence of mild damage to the brain, kidney, heart, and lung could be found in 
animals exposed for only one hour. 

Correspondingly severe damage to the tissues of rabbits was found after periods 
of exposure ranging from six weeks upward (seven hours per day on five days per 
week), when the concentration of mercury in the air was 60 mg. per 10 m.* Under 
these conditions, however, there was no significant evidence of damage to the colon, 
and there were no fatalities. 

Significant amounts of damage were found in the kidneys and brains of animals 
exposed for as few as six weeks (seven hours per day on five days per week) to 
mereury vapor in air in the concentration of 8.6 mg. per 10 m.* The microscopic 
evidence of the damage disappeared after the exposure to mercury was terminated. 

No microscopic evidence of damage was found in the tissues of experimental 
animals that breathed mercury vapor at the level of 1 mg. per 10 m.* for seven hours 
per day on five days per week over the period of 83 weeks. Tests revealed no abnor- 
malities of the kidney function of dogs subjected to such exposure. 


When rabbits breathed air bearing mercury in the concentration of 60 mg. per 


10 m.* for seven hours per day on five days per week, the concentration of mercury 
in their urine rose rapidly; it reached a maximum in about six weeks and then 
declined fairly rapidly over the next four weeks during which the animals continued 
to be exposed. 


30. Fitzhugh, O. G., and others: Chronic Oral Toxicities of Mercuriphenyl and Mercuric 
Salts, Arch. Ind. Hyg. & Occup. Med. 2:433, 1950. 


31. Shoib and others.28 Moskowitz.?9 
32. Kehoe, R. A., and Cholak, J.: Unpublished data. 
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When rabbits were exposed to a lower concentration of mercury vapor in air 
(8.6 mg. per 10 m.*) for seven hours per day on five days per week over the period 
of 12 weeks, the concentration of mercury in their urine increased rapidly and 
reached its maximum in 4 to 5 weeks, after which it continued very nearly at the 
maximum level until the exposure was ended. During the first two weeks of free- 
dom from exposure, the urinary mercury level fell precipitously and then tapered 
off to an almost negligible concentration during the subsequent four weeks. 

When rabbits and dogs were exposed to mercury vapor in the concentration 
of 1 mg. per 10 m.* under experimental conditions corresponding to those referred 
to above, except that the exposure continued for 83 weeks, the concentration of 
mercury in the urine of both species went up almost to the maximum level in a few 
weeks and remained substantially at this level (average 0.014 mg. and 0.04 mg. per 
liter for rabbits and dogs, respectively) during the entire period of exposure. 

Comparisons of the representative responses of rabbits to the several conditions 
of exposure provided in Experiments 2, 3, and 4+ (i. e., 60, 8.6, and 1 mg. of mer- 
cury per 10 m.*, respectively, over the respective periods of 10, 12, and 83 weeks), 
on the basis of the most characteristic level of their urinary mercury concentration 
observed during the three periods of exposure, yield the following results: approxi- 
mately 3 mg. per liter in Experiment 2, approximately 0.14 mg. per liter in Experi- 
ment 3, and 0.014 mg. per liter in Experiment 4. 

Comparisons of the concentrations of mercury found in certain tissues of rabbits 
after their exposure over the entire periods of Experiments 2, 3, and 4 provide the 
following average amounts, respectively, expressed in milligrams per 100 gi. of 
fresh tissue: in the kidney, 12.4, 2.8, and 0.44 mg. ; in the liver, 0.50, 0.22, and 0.067 
mg., and in the brain, 0.86, 0.094, and 0.019 mg. 

Further comparisons of the analytical data on the tissues, as provided by the 
several experiments, show that, whereas the concentrations of mercury in such 
tissues as the kidney and brain increased progressively throughout the course of the 
short Experiment 1 and at roughly corresponding rates throughout the longer 
Experiments 2 and 3 (10 and 12 weeks, respectively), no such progressive increase 
occurred during the period of Experiment 4. Instead, in this last experiment, after 
a relatively brief period (first 5 or 6 weeks of the 83 week period) of increase in the 
mercury concentration in the tissues (and also in the urine) of the animals, an 
approximate maximum, evidently an equilibrium, was reached. The analytical data 
for the respective tissues are characterized by a high degree of variability from 
animal to animal, but there is no discernible correlation of even a rough type between 
the concentration of mercury in the tissues and the duration of the exposure, despite 
the great length of this experiment. Moreover, the range of values for a specific 
tissue, with all of its variability, is not of the order of magnitude found in the 
analytical results on the same tissue in any of the other experiments. 

The gross evidence of these experiments in lack of injury, illness, and fatality 
is such as to demonstrate rather clearly, albeit crudely, that the inhalation of air 
containing 1 mg. of mercury as vapor in 10 m.* of air for seven hours per day on 
five days per week over a period of 83 weeks is harmless for rats, rabbits, and dogs. 
The more refined and elaborate physiological evidence, despite its variability, pro- 
vides a strong clue to the reasons for the apparent harmlessness of this experimental 
exposure and tends to support the conclusion that much more prolonged exposure 


i 


ASHE ET AL—MERCURY INHALATION 43 


would have yielded the same innocuous effects. It has revealed the apparent fact 
that, at this level and under these intermittent conditions of exposure to mercury, 
the experimental animals arrived at an equilibrium with the experimental environ- 
ment whereby they were able to avoid progressive accumulation of mercury in their 
tissues and body fluids up to harmful or toxic levels. 

The literal translation of the results of these experiments to industrial (1. e., 
human) exposure is, of course, impossible. It is apparent from data on industrial 
workers accumulated by other investigators in this Laboratory,** as well as by those 
referred to previously herein,*! that man excretes mercury in his urine in a signif- 
cantly higher concentration than does the rabbit under comparable conditions of 
respiratory exposure.’ So, too, does the dog, as the data of these experiments show. 
The answer to this, in part at least, would seem to lie in the fact that, within com- 
paratively low limits of intake, mercury is not held very tenaciously in any of the 
tissues of the animal organism and that there is a relationship between the absolute 
quantity of mercury within the organism and the quantity which appears in the 
urine voided therefrom. The quantity of mercury absorbed in the same length of time 
from the same atmosphere by man, dog, and rabbit will decrease in that order, and 
the quantity that must be eliminated per day under such conditions must vary 
accordingly, if progressive accumulation of mercury in one species or another is to 
be avoided. The evidence suggests that man is capable of excreting mercury quite 
effectively. Whether he does so as effectively as the rat, rabbit, or dog, in relation 
to the daily dosage, is a matter for conjecture until observations can be made to test 
the daily absorption and excretion of mercury by man under known conditions of 
exposure. Meanwhile, one may hazard the opinion that the threshold of safety for 
healthy men under occupational conditions will not be far from that here indicated 
as safe for the experimental animals employed. Moreover, it should be possible, with 
these data available, to design observations on human subjects (industrial workmen ) 


under suitable conditions of exposure so as to establish the necessary facts as regards 
the physiological behavior of man. 
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BARITOSIS 


Report of a Case 


EUGENE P. PENDERGRASS, M.D. 
AND 


ROY R. GREENING, M.D. 
PHILADELPHIA 


NEUMOCONIOSIS is a broad term used to indicate the pulmonary reaction 


to all forms of inhaled dust. In this report we are concerned with baritosis—a 
“benign” or “nonspecific” form of pneumoconiosis. 


Baritosis was first described by Arrigoni ' as a type of pneumoconiosis occurring 
chiefly among the baryta miners in Italy and resulting from the inhalation of finely 
ground particles of barium sulfate. In baritosis there is no respiratory incapacity, 
the only evidence of the condition being the roentgen demonstration of small, sharply 
circumscribed nodules evenly distributed throughout the lung fields.* 

A number of years ago, while routinely examining a group of workers in a 
small lithopone plant in northern Pennsylvania, we noted nodulation of a peculiar 
density in the chest roentgenograms of several of the workers. One of these in 
particular had an appearance which was quite different from that of the usual 
pneumoconioses. The nodules resembled mostly the changes that had been described 
by Arrigoni in the baryta miners. A careful industrial history then disclosed the 
fact that these men were working in an atmosphere of finely divided barium sulfate 
granules. At the time the interpretation of these roentgenograms was given in 
consultation, we expressed interest in obtaining some material for pathologic 
examination, should any postmortem tissue become available from any of these 
workers. 

The following is a report of the worker who presented the most marked of the 
pulmonary changes. 


REPORT OF CASE 


The worker was first examined in May, 1927, when only a routine roentgenogram of the 
chest was made. This was underexposed and simply revealed some fine nodulation throughout 
both lungs. The man was not incapacitated; in fact, he had few, if any, symptoms. 

The next examination was in August, 1936. At that time the worker presented himself for 
examination because of repeated attacks of substernal discomfort and “effort” pain, which 
condition was relieved somewhat by rest. It was suspected that he might have suffered a 


From the Department of Radiology, Hospital of the University of Pennsylvania, Phila- 
delphia. 


1. Arrigoni, A.: La pneumoconiosi da bario, Clin. med. ital. 64:299-324, 1933; Med. 
lavoro 24:461-468, 1933. 

2. Pendergrass, E. P.: Some Considerations Concerning the Roentgen Diagnosis of Pneumo- 
coniosis and Silicosis (Hickey Memorial Lecture), Am. J. Roentgenol. 48:571-594, 1942. 


Pendergrass, E. P., and Leopold, S. S.: Benign Pneumonoconiosis, J. A. M. A. 127:701-705, 
1945. 
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coronary occlusion, although the electrocardiogram (EKG) findings were consistent with 
only some myocardial damage and did not reveal evidence of actual infarction. After a rest 
period of about three months, he resumed employment and was assigned to work in a small 
safety-device shop, where he continued to work in relative comfort for the next five years. 


Intermittently, he would have attacks of substernal distress on exertion which resembled 


anginal attacks. Several of these did not necessitate hospitalization, but in no instance was good 
evidence of infarction obtained. Roentgenograms of his chest, however, 
to time, as shown in Figure 1. 

The man was pensioned in 1942 and lived in relative comfort until 1948, when at the age of 
71 he again had a sudden severe attack of substernal pain and died. This was 12 years after the 


were made from time 


Fig. 1.—Baritosis in a man who had worked in the hard-coal mines of Pennsylvania and 
also in a lithopone plant where he was exposed to finely divided barium sulfate dust. This 
examination was done in May, 1937, and the roentgen appearance of the lungs remained the 
same until the patient died many years later. 


The nodular-like pattern was distributed througout both lungs and, as far as we have been 
able to determine, the shadows were due to barium deposits in the lung. However, it 1s possible 
that some of the shadows might be due to anthracosilicosis, but for the most part the individual 
nodular shadow was much denser than that found in silicosis. 


The barium pneumoconiosis in this worker did not seem to produce any recognizable clinical 
disability. 


detection of the baritosis. The terminal episode proved to be due to a large area of infarction 
of the heart after a coronary occlusion. 

The industrial history of this man revealed that he had worked as a coal miner underground 
from 1892 to 1896 in mines near Hazleton, Pa. Between 1896 and 1908 he had worked as an 
engine cleaner in railroad shops. In 1918 he began work in a lithopone plant in which a white 
barium pigment was prepared. In 1925 he was transferred to the grinding department of this 
plant, where barites and anthracite coal were ground. Analysis of the ground material showed 
from 95 to 97% barium sulfate and from 1.3 to 3.5% silica. Analysis of the air-floated dust 
sample revealed barium (49.1%), sulfur as SOs (28.3%), silica (2.1%), and carbon (9.9%). 
No free silica was found in any of the samples examined. 
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Wearing a respirator, the man had been exposed for about one and one-half hours a day 
to a particle count of 6,000,000,000 particles per cubic foot of air. For one hour a day he worked 
where there was a particle count of 1,700,000,000 particles per cubic foot of air. There were 
about 20 other workers exposed to the same hazard, but of the group only this man and one 
other showed changes in the lung. 

At autopsy, examination of the lungs revealed a gray-blue appearance on the surface. There 
were diffuse and various-sized, firm, discrete nodules throughout each lung. An attempt was 
made to make a reinflated postmortem roentgenogram of the excised lung, but because the 
tissue had been preserved for sume time in formalin, it was impossible to inject enough air 
into the lung to obtain sufficient contrast between the nodulation and the air-containing tissues 
of the lung. 


Chemical Analyses —Chemical analyses of the lung of this man were made by Dr. Claude 
K. Deischer, Assistant Professor of Chemistry, University of Pennsylvania, and were compared 
with a like amount of lung tissue obtained from a patient with no history of dust exposure. 
This study revealed evidence of barium sulfate in the affected lung but no evidence of barium 
in the control lung. 

Spectrographic and X-Ray Diffraction Studies —These studies of the lung tissue were done 
by Dr. R. A. Kehoe and Dr. Frank R. Dutra and their Staff in the Kettering Laboratory of 
the Department of Preventive Medicine and Industrial Health of the University of Cincinnati. 
Barium sulfate was present in appreciable amounts in the affected lung (Figs. 2 and 3). The 
quantity of sodium chloride in the sample was somewhat more than usually occurs in tissues. 
The explanation for this observation was that perhaps the formaldehyde solution, in which the 
tissue had been preserved, was prepared with isotonic sodium chloride solution. 

Gross and Microscopic Examinations—These examinations of the tissues of the heart and 
lungs of this man were done by Dr. Warner Sheldon of the Department of Pathology of the 
University of Pennsylvania. His findings were as follows: 

(a) Gross Description: The specimen consisted of the heart and both lungs formalin fixed 
en bloc. 

(1) Lungs. The lungs were large and heavy and had a diffuse rubbery consistency. The 
pleura was smooth, dark gray, and opaque, with heavy black anthracotic mottling. There were 
scattered apical adhesions over both upper lobes. One lung was cut into 10 horizontal slices, 
and the other was sliced coronally. Solid, jet-black, firm nodules were sprinkled throughout 
all sections. Most nodules were 1 to 3 mm. in diameter and were rather evenly distributed. In 
a few areas in the apex and superior part of the upper lobe the nodules were larger, up to 2.5 by 
1.5 by 1.5 cm., with some irregular cavitation in the center. The hilar nodes were large, hard, 
and jet black. The vessels and bronchi showed no significant lesions. 

(2) Heart. The heart was s6mewhat enlarged, owing to left ventricular hypertrophy and 
dilatation. The right ventricle was not hypertrophied or dilated. There was an old subendo- 
cardial scar of the anterior wall, septum, and apex, with moderate thinning of the wall in this 
portion. All valves were thin, smooth, and intact. The main coronary rami showed moderately 
severe atherosclerosis, with multiple narrowing to below 1 mm. 

(b) Microscopic Description: Irregular masses of dense fibrous connective tissue were 
scattered throughout many of the sections. Some of these nodules were made up of the dense 
whorled acellular collagen characteristic of silicosis. Often these shaded into amorphous masses, 
with heavy carbon deposits. Under polarized light all these areas showed heavy deposits of 
doubly refractile crystals, probably silica. 

The alveoli in many of the sections showed numerous macrophages in the lumen. Most of 
these contained several kinds of pigment granules: (1) Much of the material was quite black 
and was probably carbon; (2) some of the granules were coarse, golden yellow, and iron 
positive and were most probably hemosiderin, and (3) under polarized light many small 
crystals of silica were revealed in these cells. In addition to the first three kinds of granules, 
there were numerous, irregular-sized, dark brownish granules which were of uncertain character 
but which often had a yellowish cast. It was unclear whether these were barium particles or 
enly carbon which had not yet been aggregated into masses and so were not as black as usual. 
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Under polarized light these particles were faintly doubly refractile, but they seemed to be 
distinctly smaller and more uniform than the silica crystals. 

In many sections, the alveolar walls were thickened by widely dilated, tortuous capillaries 
and by increased amounts of collagen. The alveolar walls were covered by a flattened, often 
cuboidal layer of lining cells. Rarely did these cells contain any of the pigments described above. 


A few small areas of typical organized pneumonia, with fibrous plugs filling the alveolar lumina, 
were found. 


Many of the small arteries had walls thickened by intimal fibrosis and muscular hypertrophy. 
The bronchi and bronchioles were not remarkable. 


Diagnosis—The diagnosis from the studies and examinations was pneumoconiosis: (1) 
anthracosilicosis; (2) baritosis (?), with organizing pneumonia, focal. 


COM MENT 


This case illustrates baritosis complicating anthracosilicosis. Baritosis is now 
well known as one of the benign pneumoconioses, but apparently it is not reported 
often in this country, in spite of the large number of workers exposed to barium 
dust. The pattern of distribution of the nodulation from baritosis is similar to that 
seen in silicosis and represents a condition that should be considered in the differ- 
ential diagnosis. One of us (Pendergrass), in November, 1936, did make a 
diagnosis of silicosis on the original roentgenograms in this case, but it was only 
after a careful occupational history was obtained, including evaluation of dust 
hazard, etc., that a presumptive diagnosis of baritosis was finally made in February, 
1937. Then working conditions in the lithopone plant where this man was employed 
were modified, and within a short time the operation was completely discontinued. 
The man was alive until 1948. Now, in 1952, we are able to complete the various 
studies on his lungs supporting the diagnosis of baritosis. 


We are still uncertain as to just how much the anthracosilicotic changes partici- 
pated in the roentgenographic appearances, but we think that baritosis alone could 
produce the changes found in the lungs of this worker. 


SUMMARY 


A case of baritosis and anthracosilicosis is reported, occurring in a man who 
worked in a hard-coal mine in Pennsylvania and in a small lithopone plant where 
he was exposed to finely divided particles of barium sulfate. 

Permission to report the case of this patient and much of the material utilized were obtained 


from Dr. Roger P. Batchelor of Palmerton, Pa. Dr. Batchelor is the Medical Director of the 
industry in which the man was employed. 
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PORTABLE ELECTROSTATIC PRECIPITATOR OPERATING 
FROM 110 VOLTS A. C. OR 6 VOLTS D. C. 
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AND 
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CINCINNATI 


N INDUSTRIAL hygiene investigations it is frequently desirable not only to 

perform a chemical analysis of the material collected but also to study the char- 
acter of the substance by means of the optical or electron microscope. The need for 
a portable instrument to collect atmospheric samples of fume, dust, and smoke with 
a high degree of efficiency was recognized many years ago. Bill‘ in 1919 mentioned 
the possibility that a portable unit utilizing the electric precipitation principle could 
be constructed and operated efficiently for the collection of fume, dusts, and mists. 
Drinker and associates * in 1923 discussed in detail the theoretical and practical 
aspects of electric precipitation. They described the construction and operation of a 
portable unit for collecting and examining samples of smoke, fume, and dust. The 
transformers in this unit weighed from 30 Ib. (13.6 kg.) to 50 Ib. (22.7 kg.). In 
1925 Drinker and Thomson * described a portable storage-battery electric precipi- 
tator of the induction coil type which weighed approximately 13 Ib. (5.9 kg.). In 
both instruments described by Drinker and his co-workers, samples for microscopic 
examination were collected on celluloid foil. Barnes and Penney * in 1936 described 
a portable electric precipitator operated by a dry-cell battery and weighing about 
20 Ib. (9.1 kg.) for the collection and examination of dusts. The dust was precipi- 
tated on a standard (25 by 75 mm.) glass microscopic slide. The slide was placed 
in a special holder which, in turn, was placed in an ionizing chamber ; this chamber 
consisted of an aluminum cylinder 9 in. (23 cm.) in diameter and 12 in. (30 em.) 
long which closed at both ends by means of dampers. In 1938 Barnes and Penney ° 


From the Division of Occupational Health, Investigations Branch, United States Public 
Health Service, Federal Security Agency (Mr. Hosey, Senior Sanitary Engineer [Reserve], 
and Mr. Jones, Senior Assistant Sanitary Engineer [Reserve] ). 

1. Bill, J. P.: An Electrostatic Method of Dust Collection as Applied to the Sanitary 
Analysis of Air, J. Indust. Hyg. 1:323 (Nov.) 1919. 

2. Drinker, P.; Thomson, R. M., and Fitchet, S. M.: Atmospheric Particulate Matter: II. 
The Use of Electric Precipitation for Quantitative Determinations and Microscopy, J. Indust. 
Hyg. 5:162 (Sept.) 1923. 

3. Drinker, P., and Thomson, R. M.: Determination of Suspensoids by Alternating Current 
Precipitators, J. Indust. Hyg. 7:261 (June) 1925. 

4. Barnes, E. C., and Penney, G. W.: An Electrostatic Dust Count Sampler, J. Indust. Hyg. 
& Toxicol. 18:167 (March) 1936. 

5. Barnes, E. C., and Penney, G. W.: An Electrostatic Dust Weight Sampler, J. Indust. 
Hyg. & Toxicol. 20:259 (March) 1938. 
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described an electrostatic dust weight sampler which was later produced commer- 
cially. This instrument has been used extensively in this country for the collection 
of atmospheric samples of fume, dusts, and mists for quantitative chemical analysis. 
Bourne and Fosdick ® in 1950 described a method of collecting samples of dusts, 
fume, or mists for particle-size measurement on a Spencer Brightline Hemacy- 
tometer cell placed inside the usual metal collecting tube of the electrostatic pre- 
cipitator. 

The electrostatic precipitator described here is a modification which was devel- 
oped in an attempt to provide industrial hygiene engineers and others with not only 
a more useful tool but also one in which advantage has been taken of the experiences 
of others. The modified electrostatic precipitator thus developed has four features : 
(1) It collects samples either on glass or metal slides; (2) it has a new type sam- 
pling head ; (3) it operates either from 110 volts A. C. or 6 volts D. C., and (4) the 
unit is light in weight and can be carried conveniently from the shoulder. 

The new unit was especially designed to collect the material on glass slides so as 
to permit direct microscopic examination or particle-size measurements of the sub- 
stance collected. In this way, the necessity for transferring the material from the 
inside of the usual metal or glass collecting tubes has been eliminated, and there is 
no danger of destroying the original character of the material either by partial 
solution or by agglomeration. 

Two standard microscopic glass slides are inserted on each side of the sampling 
head (Fig. 1). To insure better conductivity, two metal plates, each 1 in. (2.5 cm.) 
by 6 in. (15 cm.), are placed into the head and serve as the ground conductor. The 
collected material can be examined by the electron microscope by using the technique 
of coating the slides with a resinous material and lifting a portion onto the electron 
microscope screen or grid, or by attaching the screen to the glass slide. 

If a chemical analysis of the material is all that is required, plates measuring 
1 by 6 in., made from 24-gauge stainless steel or other noncorrosive metal, are 
inserted into each side of the sampling head. These plates can be placed in a test 
tube or suitable container, and the material removed rather easily by means of a 
policeman and a solvent or dilute acid. If the weight of the collected material is 
desired, the plates can be weighed, the material removed in the above manner, and 
the plates dried and reweighed. 


SAMPLING 


HEAD 
A new type of sampling head was designed which has certain advantages : 
(1) It is light in weight; (2) it is transparent, thereby permitting visual observa- 
tion of the sample while it is being collected, and (3) it has a built-in flowmeter. 

The complete sampling head is shown in Figure 1, and Figure 2 is a scale draw- 
ing of this head. A visi-float* gauge * was mounted as shown to measure the rate 
of air flow. An air flow of 1 cu. ft. per minute (cim) was chosen to reduce the inlet 
area of the head, thereby reducing its size and weight. In most cases, sufficient 
material can be collected in a short length of time at this rate of flow for a chemical 

6. Bourne, H. G., Jr., and Fosdick, L. B.: Collection of Mist and Dust for Particle Size 
Measurement: Electrostatic Precipitation on Hemacytometer, Analyt. Chem, 22:1563 (Dec.) 
1950. 

7. Hosey, A. D., and Jones, H. H.: An Inexpensive Flowmeter, Indust. Hyg. Newsletter 
11:28 (Feb.) 1951. 
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analysis or microscopic examination. It was found that an air flow of 1 cim would 
not give 100% collection efficiency when glass slides were employed ; however, when 
the rate of flow was reduced to 0.5 cim, 100% efficiency was obtained. 

The table shows a comparison of the amount of lead fume collected with the new 
unit and with a PHS-50 modification.” The former was operated at 1 cim with the 
use of metal slides and at 0.5 cim with the use of glass slides; the latter was operated 


at 3cim. It will be observed that the new unit shows an average collection efficiency 


comparable with the PHS-50 modification for either metal plates or glass slides. 

The new unit was given a severe shakedown test during the recent atomic tests 
held in Nevada. It was placed in a truck and driven over several hundred miles of 
desert roads and one day was operated continuously for 15 hours in the hot (120 F.) 
desert sun. No breakdown of parts occurred as a result of this abnormally rough 
treatment. 


Fig. 1—Lightweight plastic sampling head, with built-in flowmeter. 


CONSTRUCTION DETAILS 
Dimensions are not critical in the construction of the sampling head. The scale 
drawing shown in Figure 2 and the following brief description are presented to 
serve as a guide in construction. 
A and B are cut to shape from two pieces of 1-in. stock sheet of lucite.® 
G and G, % in. (0.6 cm.) by 1 in. by 6 in., are made of plastic, with a 14 in. (0.3 cm.) groove 
to accommodate glass or metal slides. 


F is a polished aluminum electrode, % in. by 34 in. (1.9 cm.) by 4% in. (11 cm.), tapered 
at the front end. F is centered and is held in place by screw S and plastic plug P. 

I, the ionizing wire, is No. 8 music wire. The shape shown permitted satisfactory ionization, 
with little disruptive arcing at voltages up to about 13 kv. Wire I is held firmly in place in the 
tapered end of F by holes made with a No. 76 drill. 

K and K are four spring brass clips soldered to brass strip E which is 1 by 4 in. (10 cm.). 
E is hinged at H by means of a brass pin. The ground lead is soldered to this pin. 


8. Brown, J. K.; Hosey, A. D., and Jones, H. H.: A Lightweight Power Supply for an 
Electrostatic Precipitator, A. M. A. Arch. Indust. Hyg. 3:198 (Feb.) 1951. 
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D is an adapter made from plastic for the 5-in. (1.6 cm.) I. D. rubber suction hose. Orifice 
plate C is approximately % by 34 by 1 in. with two %g¢-in. (0.8 cm.) holes drilled 4% in. on 
centers. R is a No. 425 visi-float® gauge. A 7%4-in. (0.1 cm.) hole is drilled into the float tube 
through the two mounting openings. Channels O are cut % in. deep and % in. wide in piece J. 
Holes L are spaced to coincide with mounting openings of the visi-float® gauge. Holes are 
drilled in large piece B to coincide with the ends of channels M. The rotameter assembly R, 


Comparison of Material Collected by Portable Electrostatic Precipitator 


PHS-50 Modified New Portable 

Electrostatic Precipitator Electrostatic Precipitator 
Fume* Fume* 
Sampling Sampling Weightof per Cu. Sampling Weightof per Cu. Ratio 
Test Time, Rate, Sample, Ft. (A), Type of Rate, Sample, Ft. (B), B 

No. Min. Cc Mg. g. Plates Cfim Mg. Mg. 
40.4 0.674 Metal 12.7 0.635 
20 0.572 Metal 10.4 0.520 
1.201 Metal 11.0 1.100 
0.750 Metal 7.7 0.770 
0.133 Metal 0.126 


0.388 Metal a 0.360 
0.175 Metal 0.206 
0.265 Metal . 0.240 
0.213 Metal 0.203 
0.070 Metal 0.060 


0.305 Metal 
0.520 Metal 
0.667 Metal 
0.572 Metal 
0.698 Metal 


0.310 
0.599 
0.700 
0.610 
0.680 


ww 


0.866 Metal 
Metal 
Metal 
Metal 
Metal 


0.774 
0.253 
0.890 
0.567 
0.440 


10.034 


3 
3 
3 


0.410 
0.490 
0.360 
0.360 
0.350 


$9 22.3? 


Glass 


0.570 Glass 
0.289 Glass 
0.417 Glass 
0.203 Glass 
0.231 Glass 


0.560 
0.283 
0.400 
0.240 
0.230 


ooo 


Glass 
Glass 
Glass 
Glass 


0.100 
0.410 
0.296 
0.088 


ooo 


* Freshly formed lead oxide was prepared by means of a carbon are inside a fume chamber. 


piece J, and large piece B are cemented together with trichlorethylene. Note: It is suggested 
that this assembly be checked for proper air flow before it is cemented into place, because it 
has been found that visi-float® gauges vary in performance. Larger or smaller openings may 
have to be drilled in orifice plate C. 

Two channels are cut in A for the high voltage and ground leads. 

The high voltage wire is soldered to the nut of screw S, and the ground wire to the brass 
pin at H. 

The sides of A and B are closed by cementing two pieces of % in. plastic cut to shape. 


| 

| 

6 20 3 23.3 0.98 { 
7 15 2 7.9 1.18 
8 20 3 15.9 0.90 
9 30 3 19.2 0.95 
10 20 3 4.2 0.96 
12 10 5.9 1.14 
13 10 7.0 1.05 
4 10 6.1 1.07 
15 15 10.2 0.97 
16 15 39.0 1 11.6 0.89 
17 15 3.8 1.25 
18 10 8.9 1.03 
19 15 8.5 1.02 
20 20 8.8 1.00 
21 20 3 24.0 0.400 Glass fl 1.02 
22 20 3 31.2 0.520 Glass 4.9 0.94 
23 20 3 12.0 0.200 Glass 3.6 1.80 
24 20 3 23.8 0.397 Glass 3.6 0.91 
26 20 3 23.4 0.390 7 3.5 0.99 
Pai 10 3 17.1 2.8 0.98 
28 30 3 26.0 44 0.98 
29 20 3 25.0 4.0 0.96 
30 20 3 me 2.4 1.18 
31 20 3 13.9 2.3 0.99 
32 20 3 3.9 0.065 1.0 1.54 
33 20 3 23.0 0.383 4.1 1.07 
34 25 3 21.6 0.288 3.7 1.03 
35 25 3 64 0.085 11 1.038 
1.02 
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POWER SUPPLY 


The power supply for this electrostatic precipitator, shown in Figure 3, is similar 
to that previously described by us.* Since publication of the original article, several 
modifications have been made. The schematic wiring diagram is shown in Figure 5, 
and a list of the essential components is given in the appendix. 

The power supply operates from 110 volts A. C. or 6 volts D. C. and supplies 
60 to 100 ma. at 300 to 400 volts A. C. to a 15 kv. radio frequency coil. A variable 


| 

2 3 PieceJ 

Scale in inches 


>>> 


> 


Section AA 


Fig. 2—Scale drawing of sampling head. 


resistor permits delivery of from 8 to 13.5 kv. D. C. to the sampling head. A vibra- 
tor, vibrator transformer, and gas rectifier tube are used to convert 6 volts D. C. 
to about 300 volts A. C. The 6 volts D. C. can be obtained from a motorcycle type 
storage battery, or they can be obtained by means of an adaptor which plugs into an 
automobile cigarette lighter receptacle. The power supply and blower unit draw 
about 6 amp. at 6 volts. The storage battery is housed in a separate battery case 
(not shown) and is connected to the power supply by means of an extension cord. 
It will be observed (Fig. 5) that:for 110 volt operation the blower motor is con- 
nected to the 6.3 volt filament transformer. 
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The weight of this unit can be reduced by about 3 Ib. (1.3 kg.) if only a 110 volt 
operation is desired. In this case, the vibrator, vibrator transformer, and gas rectifier 


can be eliminated. 


Fig. 3.—Chassis showing placement of parts of power supply. 


BLOWER 


Fig. 4—Layout diagram of chassis. 


CONSTRUCTION DETAILS 


Satisfactory results have been obtained with the various power supply com- 
ponents which have been mounted on a chassis, as shown in the photograph 
(Fig. 3) and in the layout diagram (Fig. +). All components are mounted as shown 


54 
MOTOR 
© 
6.3V 
SEL. 
TRAN RECT 
viB. 
TRANS. 


HOSEY-JONES—PORTABLE ELECTROSTATIC PRECIPITATOR 


before any wires are connected. The condensers and resistors can be mounted on 
the under side of the chassis. The four switches, two fuse holders, 110 or 6 volt 
receptacles, indicating neon bulb, and rheostat are mounted on plastic, as shown in. 
Figure 3, and form the top of the chassis. The chassis shown was constructed from 
lucite® ; however, other nonconducting material can be used. 

The high voltage coil can be tuned to give maximum output voltage by changing 
the size of the 400 to 600 micromicrofarad (ppi) condenser. Good oscillation has 
been obtained with a 500 micromicrofarad condenser in the sets that have been built. 


When all wiring has been completed, operating voltages on the 6\6 should be 
checked to insure that the tube is not operated above its rated capacity. The voltage 
on the 1B3 should also be checked. Since the filament is heated by current induced 


into the single loop of No. 10 wire, the voltage is checked as follows: Connect a 1.5 
volt dry-cell battery to the filament and observe its brightness; when the 1B3 is 


ws 


VOLTS 
60 CYCLES 


Re 


Fig. 5.—Schematic wiring diagram of power supply. 


connected into the circuit, the loop of No. 10 wire is moved closer to or farther from 
the bottom of the 15 kv. coil until the same degree of brightness is obtained. 

We have been unable to locate a small 6 volt D. C., series wound motor, with a 
speed of about 7,000 rpm and a current drain of about 1 amp. However, we found 
that an Oster blower, size No. 2, purchased at a war surplus store, could be used 
by replacing the field coils with a pair made from approximately 35 turns (15 ft.) 
of No. 22 enameled wire. The blower unit as purchased consisted of a 28 volt D. C., 
1/100 H. P., series wound motor, with a speed of 7,000 rpm and a L-R No. 2 
blower (Ripley Company, Inc., L-R Blower Division, Middletown, Conn.). The 
remodeled motor operates at a speed which produces an air flow slightly greater 
than 1 cfm through the sampling head previously described. 

A conical aluminum adaptor was turned down on a lathe so that one end was 
slightly larger in diameter than the blower inlet; the other end was turned down to 
3% in. O. D. witha % in. (1.2 cm.) long shank. This adaptor was threaded % in.-16, 
and to it was attached a second adaptor made from | in. aluminum bar stock, drilled 
and tapped 34-16. The other end of the second adaptor was turned down smooth 
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to about 34 in. diameter to accommodate the 5¢ in. I. D. rubber suction hose. The 
second adaptor was used so that the rubber hose could be inserted through a hole 
in the carrying case and attached to the blower. 

The carrying case has been constructed from 3¢-in. (0.9 em.) plywood, and the 
complete unit (Fig. 6) weighs less than 17 lb. (7.7 kg.) (without storage battery). 
However, the case has been designed so that the top, which houses the sampling 
head, including the high voltage and ground leads, suction hose, and extension cords, 
is not carried while the unit is in operation. Thus, the weight that is carried from 
the shoulder is reduced to 13.5 Ib. (6.1 kg.). A length of webbed belting is attached 
to the carrying case so that the unit may be carried from the shoulder while an 
investigator is following a worker so as to determine his occupational exposure to 
fume, dust, or mist. 


Fig. 6.—Complete electrostatic precipitator unit in carrying case, with suction hose and high 
voltage and ground leads attached to power supply. 


SUMMARY 

A portable electrostatic precipitator for field sampling has been described. This 
instrument has four features: (1) It collects samples on either glass slides or metal 
plates, thereby permitting direct microscopic examination of the sample and simpli- 
fying the procedure of removing material for chemical analysis; (2) it has a light- 
weight sampling head with built-in flowmeter ; (3) it will operate from either 110 
volts A. C. or 6 volts D. C., and (4) the complete unit weighs less than 17 Ib. and 
can be conveniently carried from the shoulder, thus increasing its portability and 


the ease of collecting atmospheric samples by electrostatic precipitation. 


Tests showed that the new unit had collection efficiencies comparable to the 
PHS-50 modified electrostatic precipitator for lead oxides. The instrument survived 
a rather severe desert shakedown test. 


Mr. Oscar Marsh gave assistance on various mechanical construction details, and other 
members of the Division of Occupational Health offered beneficial suggestions. 
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APPENDIX 
KEY TO SCIENTIFIC 
V.—Radiart No. 5300 vibrator 
T.—Vibrator transformer, 300 volts, 75 ma. 

T:—6.3 volts, 3 amp. filament transformer 

Li, Le, Le—Bottom, center, and top coils of Spellman 15 kv., RF (radio frequency) coil 
L,—Single loop of No. 10 insulated wire below bottom coil of Spellman 15 kv. RF coil 
C, C:—40 microfarad (“f), 450 working voltage electrolytic capacitors 

Cs, Ca, Cs—0.01 (4f) 600 working voltage paper condensers 

Cs—0.01 (“f) 1,600 working voltage paper condensers 

C;—400 to 600 micromicrofarad (“#f), 600 working voltage ceramic capacitor 

C.—500 wet, 20 kv. ceramic capacitor. 

volt storage battery 

ma., 130 volts selenium rectifier 

F,—10 amp. fuse 


WIRING DIAGRAM 


amp. fuse 
S.i—DPDT (double-pole, double-throw) switch 

S-4SPDT (single-pole, double-throw) switches or 2 DPDT switches 
S:—SPST (single-pole, single-throw) switch 

R,—2,500 ohm, 25 watt variable rheostat 

R2, Rs, Ri—4,700 ohm, 1 watt resistor 

R;:—10 ohm, watt resistor 


LIST OF ADDITIONAL “PARTS FOR POWER SUPPLY 


1—1B3 tube 
1—6V6 tube 

1—OZ4 tube 

1—ceramic octal socket 

1—male recessed A. C. socket 

2—Bakelite® fuse holders 

2—Connectors (high voltage and ground) 

2—Bakelite® octal sockets 

1—Bakelite® 4-prong socket 

1—male 3-prong recessed socket (for battery extension cord) 
14-in. sheets of plastic or other suitable material for chassis 
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NOTES ON PREPARATION OF DUST SAMPLES 
FOR MICROSCOPIC SIZING 


MELVIN W. FIRST, Sc.D. 
BOSTON 


Hk SUCCESS of a particle-size analysis is dependent in large measure on the 
preparation of a well-dispersed dust sample suitable for microscopic examina- 
tion and truly representative of the size distribution in the parent material. 

When there are large particles present, those greater than 37 » (approximately ) 
are removed by sieving through a 400 mesh screen,’ and only the material passing 
is examined microscopically. The weight retained (i. e., per cent greater than 400 
mesh) is determined and recorded as a part of the size analysis. If a major fraction 
of the dust is retained on the 400 mesh screen, that portion is further size-separated 
by sieving. 

Sieve-size particles can be sized microscopically at low magnifications (i. e€., 
100 or less), but the high-powered objectives required for particles down to 
0.25 » are not suitable for large particles because of their very short field depth. 

Green's technique ? for the dispersion of paint and rubber pigments for micro- 
scopic examination is not well saited to crystalline materials. According to Silver- 
man and Franklin,® they showed that the crushing forces exerted by a rigid cylin- 
drical glass rod on a sector of the surface of a small particle resting on a rigid glass 
slide are tremendous, and shattering occurs. In addition, the recommended wedge- 
shaped dispersion (although it may be of value for photography in which one needs 
only a single suitable field) has proved of no value in the examination of slides for 
particle sizing. 

As a substitute for Green’s method, the “rubbing-out” process (required for 
producing an even dust dispersion free of agglomerates) may be performed with 
the aid of a wooden toothpick. Because the wood is soft and flexible, shattering is 
minimized. However, since less force is applied to the particles, longer treatment 
is required to achieve satisfactory dispersion. The shearing forces may be increased 
materially by the use of viscous mounting media, such as gum dammar or Canada 
balsam dissolved in xylene (in place of the turpentine called for in Green’s method). 
These have the advantage of producing permanent specimens which may be exam- 

Dr. First is with the Department of Industrial Hygiene of the Harvard School of Public 
Health. 


1. Three inch diameter hand sieve is convenient for this operation, and only 100 to 200 mg. 
of dust are required. 


2. Green, H.: A Photographic Method for the Determination of Particle Size of Paint 
and Rubber Pigments, J. Franklin Inst. 192:637, 1921. 

3. Silverman, L., and Franklin, W.: Observations on the Preparation of Slides for Particle- 
Size Determination, J. Indust. Hyg. & Toxicol. 24:51, 1942. 
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ined at leisure and retained for a permanent record. Whether temporary or perma- 
nent mounts are made, the use of a viscous medium is highly desirable to stop or 
retard the Brownian motion associated with very small particles (i. e., those less 
than 1.0 ») and to prevent rapid reagglomeration of the dispersed dust. Glycerin 
or mineral oil makes a good viscous substitute for water, the medium most commonly 
used for preparing temporary dust mounts. 

The steps in the preparation of a representative dust slide by this method are 
as follows. A drop of mounting medium, such as Canada balsam dissolved in suffi- 
cient xylene to make a somewhat fluid solution (i. e., 80 to 90% solvent), is placed 
on a clean glass slide, and a small quantity of dust is added from the end of a tooth- 
pick. The dust is dispersed in the drop by rubbing, and the suspension is spread 
over the glass in the form of a thin film. Most of the solvent evaporates during this 
treatment, and the well-dispersed dust particles become imbedded in the viscous 
residue. A clean cover glass completes the preparation. 

The slide is usually put aside for a few hours to permit the Canada balsam to 
harden, but it may be examined immediately. For temporary mountings in which 
glycerin or mineral oil is used, drying is not necessary. This type of mounting 
does not dry out, as a water preparation does, and has excellent optical prop- 
erties for use with the oil immersion microscope objective. 

If the particles are of such nature that the rubbing-out process (even with a 
toothpick ) is likely to cause shattering, a small quantity of dust may be dispersed 
in a few milliliters of a very dilute resin (1. e., 1 to 2%), such as gum dammar in 
turpentine, by hand or machine shaking. A drop of this mixture is placed on a 
glass slide, covered with a cover slip, and allowed to harden. This method is least 
subject to criticism so far as shattering of particles is concerned, but the shaking 
must be very thorough and prolonged to produce a satisfactory dispersion. Because 
the resin must be greatly diluted with solvent to produce a nonviscous mixture suit- 
able for shaking, there is sonie tendency for reagglomeration when a drop is placed 
on the microscope slide, but hardening can be hastened (and reagglomeration mini- 
mized) by drying the slide in a warm place. 

Foster and Schrenk * have shown that the visibility of small crystalline particles 
decreases as the relative index (the ratio of refractive indices of particle and mount- 
ing medium) approaches 1.0. They show, in addition, that the smaller the particle 
size the larger the range of the refractive index of the liquid which will cause it to 
become invisible. This indicates that it is impractical to use a mounting medium 
having an index of refraction close to that of the particles under investigation. For 
example, Canada balsam has a refractive index (1.535) which is very close to that 
of quartz (1.54), and consequently such a medium should not be used when this 
mineral is one of the principal constituents of the dust to be sized. Fortunately, 
there are other gums and resins which have a refractive index sensibly different 
from that of Canada balsam which may be substituted when the need arises.° A 
dust should be examined in more than one mounting medium if there is any doubt 
as to the refractive index of the particles. The table, largely taken from Shillaber,® 

4. Foster, W. D., and Schrenk, H. H.: Petrographic Identification of Atmospheric Dust 
Particles, R. I. 3368, U. S. Department of the Interior, Bureau of Mines, 1938. 

5. Phase-contrast objectives may also be used to overcome this difficulty. 

6. Shillaber, C. P.: Photomicrography in Theory and Practice, New York, John Wiley 
& Sons, Inc., 1944. 
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indicates the refractive index of some of the common gums and resins useful for 
temporary and permanent mountings. Some viscous materials which may be used 
for temporary mountings only are also given. Water is included in the table as a 
reference. 

Natural gums and resins are apt to be rather dirty. Prior to use, a very dilute 
solution should be prepared and filtered through a fine paper filter to remove sus- 
pended dust and dirt. After filtration, the solution can be made more viscous by 
evaporating the excess solvent. 

When there is a wide range of particle sizes represented on the microscope slide 
(i. e., from subsieve to submicroscopic), sizing requires additional attention to 
microscope technique. High magnifications will be required and particles will be 
distributed throughout the depth of the mounting medium, but by focusing up and 
down and counting all particles found in each microscope field, statistically accurate 
size determinations can be made. 


Refractive Index of Some Mounting Media Suitable for Dust Examination 


Refractive 
Common Index * 
Name Solvent (25 C.) 
Water ..... 1.333 
Silicone oil (30,000 centistokes)..................... Carbon 1.404 
tetra- 
chloride 


Glycerin . Water 1.463 
Isobutyl methacrylate Xylene 1.47 
Cedar wood oil (thick) Xylene 1.515 
Gum dammar Turpentine 1.521 
Xylene 1.535 
Turpentine 1.545 
és Xylene 1.62+- 
Aroclor (chlorinated diphenyl) Xylene 1.63 
Balsam of Tolu Xylene 1.64 


* Refractive index of resins refers to dried material. In liquid form these resins have a lower index, since 
most solvents have an index considerably lower than that of the resin. 


More uniform slides for examination may be obtained by use of a cascade 
impactor, but in this case four size analyses must be made, as well as estimating the 
proportion of dust deposited on each of the stages. Only in those cases in which the 
material deposited on the stages of a well-calibrated cascade impactor may be 
quantitated by a simple chemical or physical test (such as radioactivity) is the use 
of this instrument likely to prove an advantage over direct microscopic examination. 

Particle sizing may be conveniently accomplished by sampling a dust cloud 
directly with a membrane filter and sizing under the microscope with an oil immer- 
sion objective. This method is especially valuable for very light concentrations of 
fine dust, as has been described by First and Silverman.’ 

7. First, M. W., and Silverman, L.: Air Sampling with Membrane Filters, A. M. A. Arch. 
Indust. Hyg. this issue, p. 1. 


TOXICITY OF 2,4-DICHLOROPHENOXYACETIC ACID AND 
2,4,5-TRICHLOROPHENOXYACETIC ACID 


A Report on Their Acute and Chronic Toxicity in Dogs 


VICTOR A. DRILL, Ph.D. M.D. 
AND 


TOMIHARU HIRATZKA, M.D. 
DETROIT 


OTH 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichlorophenoxyacetic 
acid (2,4,5-T) may act as plant hormones and herbicides * and are now being 
fairly widely used for the control of certain types of weeds on farm leds. They 
are being sprayed irom airplanes on many acres of specialized farms and grazing 
land and are present in trademark preparations sold at retail for home gardeners. 
With the widespread use of these herbicides, possible toxic etfects are important, 
as accidental ingestion may occur or residues may be inadvertently encountered in 
food. In an earlier report, 2,4-D was mentioned as being nontoxic to animals 
and man when administered orally.“ However, the injection of large doses of 
2,4-D in animals produced symptoms similar to those seen in clinical myotonia. 
More detailed observations were reported by Hill and Carlisle who studied the 
acute and subacute effects of 2,4-D in various species of animals.* There have been 
no reports concerning the toxic properties of 2,4,5-T. The present study concerns 
the acute oral toxicity and chronic oral toxicity of 2.4-D and 2,4,5-T in dogs. 
EXPERIMENTAL PROCEDURES 
Adult mongrel dogs of both sexes were used. Most of the animals were housed in the 
laboratory for a period of two to three months before the study was started. During this 
control period they were immunized against distemper with the Green vaccine. The dogs were 
fed a standard stock diet (Friskies) ad libitum. Both 2,4-D and 2,4,5-T were commercial 
materials, with a purity of 98.5 and 98.9% and freezing points of 132.8 and 150.6 C., respectively. 

In the acute studies, the calculated dose of 2,4-D or 2,4,5-T was administered as a single 
oral dose in capsules. The dogs were observed for a period of 14 days, at which time the sur- 


This study was supported by a grant from the Dow Chemical Company. 
From the Department of Physiology and Pharmacology and the Department of Pathology, 
Wayne University College of Medicine. 

1. (a) Hildebrand, E. M.: War on Weeds, Science 103:465-468, 1946. (b) van Overbeek, 
J., and Vélez, I.: Use of 2,4-Dichlorophenoxyacetic Acid as a Selective Herbicide in the Tropics, 
Science 103:472-473, 1946. (c) Smith, F. G.; Hamner, C. L., and Carlson, R. F.: Control of 
Ragweed Pollen Production with 2,4-Dichlorophenoxyacetic Acid, Science 103:473-474, 1946. 
(d) Marth, P. C., and Mitchell, J. W.: 2,4-Dichlorophenoxyacetic Acid as a Differential 
Herbicide, Bot. Gaz. 106:224-232, 1944. 

2. Bucher, N. L. R.: Effects of 2,4-Dichlorophenoxyacetic Acid on Experimental Animals, 
Proc. Soc. Exper. Biol. & Med. 63:204-205, 1946. 

3. Hill, E. V., and Carlisle, H.: Toxicity of 2,4-Dichlorophenoxyacetic Acid for Experi- 
mental Animals, J. Indust. Hyg. & Toxicol. 29:85-95, 1947. 


61 


OF 


62 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


vivors were autopsied. In the chronic studies, the 2,4-D or 2,4,5-T was administered orally 
in capsules five days a week over a 13 week period. Each capsule was imbedded in a 4 to 5 gm. 
piece of commercial canned dog food, which the animals consumed readily, thus avoiding the 
continued trauma of the stomach tube. During the study the animals were weighed twice a 
week. Control blood counts were taken before the administration of the drug, on the 30th day, 
and on the 90th day at the completion of the study. Hemoglobin was determined with a 
photoelectric colorimeter.4. Upon death or at the completion of the study, the animals were 
autopsied. Tissues were taken from the lung, heart, liver, kidney, adrenals, spleen, thyroid, and 
ovary or testes, fixed in 10% formalin, and stained with hematoxylin and eosin. 


TaBL_e 1.—Effect of Single Oral Doses of 2,4-Dichlorophenoxyacetic Acid and 
2,4,5-Trichlorophenoxyacetic Acid in Dogs 


Weight 
Loss, Kg. Symptomst Day} Mortality 
24-D 


* F in this column means female; M, male. 
+ Column indicates general severity of symptoms as discussed in text. 0 means no change from normal. 
tS in this column means survived 14 day test period. 


RESULTS 
I. Acute Oral Toxicity.—(a) Mortality: The etfect of single oral doses of 2,4-D 
or 2,4,5-T on survival for 14 days is shown in Table 1. The deaths were delayed 
and occurred two to nine days after the compounds were administered. The oral 
L.D.s9 of 24-D was approximately 100 mg. per kilogram of body weight; for 
2.4,5-T it was in the range of 100 mg./kg. or higher. 


(b) Body Weight: The large oral doses of 2,4-D or 2,4,5-T produced a 
decrease in body weight (Table 1). Such animals developed various degrees of 
anorexia, and those that died refused even canned dog food toward the end of their 
survival, 


4. Evelyn, K. A.: A Stabilized Photoelectric Colorimeter with Light Filters, J. Biol. 
Chem. 115:63-75, 1936. 


| 
Dose, j 
Dog No.* Mg./Kg. 
250 O4 4 
100 —2.5 + Ss 2/4 
100 1.7 9 
100 2.4 0 Ss 
25 0.0 0 Ss 0/3 
25 +0.2 0 Ss 
25 +0.2 0 Ss 
2,4,5-T 
400 —1.1 + 2 1/1 
100 —0.5 0 Ss 1/4 
100 —1.0 0 7 
10) 0 Ss 
—2.3 0 Ss 
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(c) Symptoms: In dogs that died the effect produced by 2,4-D varied from a 
mild ataxia and stiffness in the hind legs to a definite myotonia. Initial signs were 
often noted six hours after the oral administration of 2,4-D. At this time the animals 
were more quiet than normal, and a slight ataxia was occasionally present. The hind 
legs were always affected first; the forelegs later or not at all. There was usually 
a progressive increase in spasm in the hind legs associated with increasing ataxia, 
and some dogs spontaneously extended the hind limbs in a spastic movement lasting 
a few seconds. The knee jerk was either normal or hyperactive. 

In the early stages of acute poisoning with 2,4-D, the animals were usually 
quiet. If the animal was lifted and made to walk, the spasm and ataxia were clearly 
noticed, but after it had walked for a while, the spasm and ataxia tended to decrease. 
In the later stages of intoxication, the animal, when placed on its feet, was unable to 
stand and would then sit or lie in an awkward position with spastic limbs marked 
particularly by spasm of the hind legs. Other dogs stumbled and rolled on the floor 
in attempts to right themselves. .\n occasional dog showed evidence of irritation or 
pain when the skin over the back of the neck was grasped. Some dogs, when held 
up by the shoulders, would show extension and crossing of the hind limbs. As the 


toxic effects of the drug progressed, the dogs eventually refused the various types 


of food offered. Occasionally, sneezing, rubbing of the eyes, and diarrhea were 
observed, but not vomiting. 

Such signs were also seen in one dog that survived a lower dose of 2,4-D for 
14 days (Table 1). In this instance the changes were relatively mild and were 
limited to spasm of the hind legs and a slight ataxia. 

Marked effects were not observed in the dogs receiving 2,4,5-T. The changes 
were limited to a slight or moderate stitfness in the hind legs, with the development 
of ataxia in the two dogs receiving the highest doses. No symptoms were evident 
in the one dog that died after a single dose of 100 mg./kg. (Table 1). 

(d) Pathology: Changes observed were limited to the gastrointestinal tract and 
lungs. Four dogs (1, 2, 4, and 6) receiving 2.4-D and two dogs (13 and 17) ted 
2,4,5-T showed mild to diffuse redness of the mucosa in the small intestine. In some 
dogs pneumonia was present. Histologically, the above dogs showed some necrosis 
and inflammation of the intestinal mucosa. One dog (13) had a moderate, diffuse 
hepatic necrosis. Two dogs (13 and 16) had a mild degree of renal tubular degen- 
eration. In most dogs that died the findings were limited to nonspecific changes, 
such as hepatic congestion. In many cases death was apparently due to pneumonia, 
which followed the development of anorexia, weight loss, and myotonia. 

II. Chronic Oral Toxicity —(a) Mortality: All dogs receiving 2, 5, or 10 mg. 
of 2,4-D or 2,4,5-T per kilogram of body weight survived the 90-day test period. 
The dogs receiving 20 mg./kg. of these compounds died during the study. The 
administration of 20 mg. kg. in divided doses twice a day produced death in both 
dogs receiving 2,4,5-T and in one dog receiving 2,4-D (Table 2). 

(b) Body Weight: The only significant change in body weight occurred in the 
animals that failed to survive the study (Table 2). Loss of weight in these dogs 
began 7 to 12 days before the death of the dog. 

(c) General Symptoms: Dogs that survived the oral administration of 2,4-D or 

‘for 90 days were free of any symptoms. 
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The three dogs that died while receiving the highest dose of 2,4-D showed signs 
differing somewhat from those observed in the acute studies. The dogs were quiet, 
weaker, and less responsive than normal. Muscle tonus was higher in the hind legs, 
particularly on passive extension. The hind legs were held more stiffly than usual 
when walking, and a slight ataxia was present. During the last two to three days 
of their survival two of the dogs showed difficulty in chewing or swallowing and 
eventually even refused a small bolus of canned dog food (usually readily con- 
sumed). There was also some oozing of blood from the gums and buccal mucosa. 


TaBLE 2.—Body Weight and Survival of Dogs Fed 24-Dichlorophenoxyacetic Acid and 
2,4,5-Trichlorophenoxyacetic Acid for 90 days 


Weight 
AN 


Initial, Final, 
Dog No.* Kg. Kg. 


to 


wow 


w 


isn ow 


Ss 
Ss 


*F in this column means female; M, male. a2 a9 
+ Daily dose divided and administered one-half in a. m. and one-half in p. m. 
}S in this column means survived 90 day test period. 


In dogs that died while receiving 2,4,5-T, the prominent effects were weakness, 
slight stiffness in the hind legs, difficulty in swallowing food, and, in one dog, 
bleeding from the gums. 

(d) Blood Count: The administration of 2,4-D or 2,4,5-T did not have any 
significant effect on the hemoglobin, red cell count, or total white cell count of 
animals that survived or died during the study. The differential blood count remained 
normal in the surviving animals. In three animals that died a terminal fall in the 
percentage of lymphocytes was observed (Table 3). 

(e) Organ Weights: There was no significant change in the weight of the 
thyroid gland, adrenal gland, heart, liver, or kidney in animals that survived the 
90-day period of study. In two of the three dogs that died during the administration 


64 
| | 
Diff., Death 
Ke. Dat | 
2,4-D 
coupons None 9.3 10.9 +1.6 
2 15.2 13.8 —1.4 
5 9.5 9.5 0.0 
5 12.0 12.5 +0.5 
10 14.7 14.8 +0.1 
20+ 13.0 13.7 40.7 
20 13.4 9.7 = 
2,4,5-T 
None 7.3 +0.4 
None 12.1 14.5 +2.4 
2 11.3 12.7 +1.4 
2 8.9 10.0 
5 8.6 —.2 
10 9.8 —0.6 
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of 2,4-D, there was a slight increase in heart and kidney weight. A similar change 
was noted in two of the four dogs that died as a result of 2,4,5-T. 

(f) Gross Pathology: Two dogs receiving 2,4-D (26 and 34) showed areas of 
redness in the duodenum. With the administration of 2,4,5-T there developed in 
dog 42 a diffusely reddened duodenum and jejunum, while in dog 48, autopsied on 
the 59th day, a generalized icterus was demonstrated. 


Differential Count 


— 
Dose, Neut., Lymph., Mon., Bas., Eosin., Death 
Dog No.* Mg./Ke. y im. % M WBC % % % % % Day 


Control Dogs 
5.72 17,800 
5.93 15,600 
6.09 13,850 
6.01 10,900 
6.66 13,150 
6.16 7,100 
5.03 16,100 
5.63 13,300 
5.82 14,700 
5.53 14,500 
5.78 14,900 
6.47 6,400 

24-D 
13,800 
15,400 
12,100 
14,850 

9,700 
16,600 
15,200 
13,150 

9,100 

2,4,5-T 

16,400 
16,450 

6,900 
16,050 
11,200 


13,800 


16,800 
14,650 


*F in this columm means female; M, male. 
+ Daily dose divided and administered one-half in a. m. and one-half in p, m. 
To conserve space, only data on control dogs and the highest doses are given. 


(g) Microscopic Changes: The heart, lungs, thyroid, adrenal, ovary, or testes 
did not demonstrate any significant changes. Three of the dogs receiving 2,4,5-T 
and two receiving 2,4-D showed an occasional area of focal necrosis in the liver. 
This finding, however, was not related to either the dose of the compounds or the 
death of any animal (Table +) and was judged to be of no significance. The duo- 


denum of dogs 26, 34, 42, and 48 showed varying degrees of hyperemia and some 


early infiltration of cells in the mucosa. The submucosa and serosa were normal. 
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TaBLe 3.—Effect of 24-D and 2,4,5-T on Hemoglobin, Total Blood, and Differential Counts 
6 13.20 56 38 0 6 an 
30 13.82 64 29 0 0 7 ‘a 
9 13.70 71 27 2 0 0 ee 
0 12.80 11 3 0 0 
30 14.72 79 12 7 0 2 ee > 
9 14.85 79 21 0 0 0 ee 
0 9.60 67 26 1 0 6 
30 10.75 ib 16 2 0 3 ‘ad 
9 12.74 §1 18 1 0 0 ee 
0 12.29 55 39 0 4 ee 
30 13.31 63 26 4 0 7 . 
» 13.95 45 jl 1 0 0 ee 
20+ 0 10.43 O4 27 5 0 4 
30 12.44 66 26 4 0 4 ‘ici 
11.52 28 6 0 0 
0 13.18 41 2 0 3 
30 14.46 47 46 4 0 3 ae 
49 14.36 ri) 4 7 0 0 49 
fee ee 20 0 13.20 59 44 4 0 3 18 
20 0 14.96 76 11 1 0 12 
235 14.59 Os 27 4 0 1 25 
30 8.64 77 13 3 0 7 da 
49 3.98 4 4 2 0 0 49 
vices 20t 0 12.48 63 29 2 0 6 
30 14.66 71 28 0 0 1 75 
20 0 12.44 5.73 63 32 4 1 11 
20° 0 12.48 6.03 51 44 2 0 3 
30 12.93 5.81 7s 18 4 0 0 pe 
59 11.97 6.14 7,175 92 9 1 0 0 59 
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A slight increase in the number of casts in kidney sections was noted in some dogs 
(Table +), but again this was unrelated to dosage and was of doubtful significance. 


COM MENT 


In the acute studies, single large oral doses of 2,4-D administered to dogs may 
produce signs characteristic of clinical myotonia. This etfect of 2,4-D was similar 
to that observed after various experimental species had received injections.2° In 
addition, some dogs showed signs of irritation and pain when the skin of the back of 
the neck was grasped, which may indicate meningeal irritation. The extension and 
crossing of the hind limbs, when lifted by the shoulders, may point to a spinal or 


TABLE 4.—Histological Changes in Liver and Kidney of Dogs Fed 2,4-D or 2,4,5-T for 90 Days 


Kidney 

: Dose, Death Focal 

Dog No. Mg. Kg. Day Congestion Necrosis 
2,4-D 


Casts Tub. Degen. 
None 
None 


None 


None 


* Also a 1+ fibrosis. 
Tissues graded on basis of 0, 1+, 2 3+ 


, and 4+. 


central lesion. Other etfects occasionally observed were sneezing, rubbing of the 
eyes, and diarrhea. The effects of 2,4,5-T, previously studied, were not as severe, 
being limited to stiffness in the hind legs and ataxia. The higher doses of either 
compound produced anorexia and weight loss. Although initial effects may be seen 
six hours after the compounds are given, the syndrome developed slowly in the 
dogs, and death was delayed, occurring several days after the administration of the 
compounds. 


In the chronic studies, the dogs survived doses of 2, 5, or 10 mg. of 2.4-D or 
2,4,5-1 


’ per kilogram of body weight without apparent ill effects. However, the 
daily oral administration of 20 mg./kg. of 2,4-D produced death in three of four 
dogs within 18 to 49 days. This delayed death may indicate a cumulative effect of 
2,4-D. The signs observed in animals dying from the 20 mg./kg. dose of 2,4-D 


: 
i) 
Liver 
2 0 0 0 0 
2 0 0 1+ 0 
‘ 5 1+ 1+ 0 0 
5 24 0 1+ 1+ 
10 0 0 0 0 
1) as 0 0 0 0 
20 0 0 0 0 
20 49 1+ 1+ 0 0 
20 25 2+ 0 0 0 
2,4,5-T 
0 0 0 0 
2 0 0 0 0 
10 2+ 0 1+ 0 
de an l oe 1+ 0 0 0 
20 75 1+ 1+ 1+ 0 


DRILL-HIRATZKA—TOXICITY OF HERBICIDES 


67 


differed somewhat from those seen in the acute studies. With the chronic adminis- 
tration, the animals exhibited chiefly a stiffness of the hind legs and ataxia, weak- 
ness, difficulty in chewing or swallowing, and occasionally bleeding from the gums. 
All four dogs which received 20 mg./kg. of 2,4,5-T succumbed between the 11th 
and the 75th day of the study. Toxic effects in these animals consistently included 
slight muscle spasm and difficulty in swallowing food. Thus, the chronic oral toxic 
dose for 2,4,5-T in dogs seems to be in the same range as that obtained with 2,4-D. 
With both drugs, there was a terminal loss in body weight. 

Dogs surviving the chronic doses of 2,4-D or 2,4,5-T did not show any signifi- 
cant change in hemoglobin, total blood counts, or differential blood count. In three 
of the dogs (64, 57, and 105) which died while receiving 20 mg./kg. of 2,4-D or 
2.4.5-T, there was a definite decrease in the percentage of lymphocytes in the 
peripheral blood. Hill and Carlisle * have observed a fall in the polymorphonuclear 
leucocyte count in one dog and a decrease in the per cent of lymphocytes in two 
dogs to which 50 mg. kg. of 2,4-D was administered intravenously each day for six 
days. In mice which received chronic injections there was no alteration in the 
peripheral blood picture. 


Large doses of 2,4-D administered intravenously or, in the present study, orally 
occasionally produced some necrosis in the liver. However, the administration of 
chronic oral doses produced only a slight and inconsistent focal necrosis of doubtful 
significance (Table 4). Deaths during the chronic oral administration of 2.4-D or 
2.4.5-T were not correlated with significant lesions in the liver, kidney, or other 
organs examined. 


SUMMARY 
The acute oral L.D.59 of 2,4-dichlorophenoxyacetic acid (2,4-D) in dogs was 
approximately 100 mg. per kilogram of body weight. Doses in this range or higher 
produced a definite myotonia accompanied by anorexia and weight loss. The acute 
oral L..D.59 for 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) was in the range of 100 
mg. per kilogram or higher. Such toxic doses produced only signs of a mild 
spasticity. 

All dogs survived the oral feeding of 2, 5, or 10 mg. per kilogram of 2,4-D or 
2.4,5-T 5 days a week for a period of 90 days. These doses did not produce any 
symptoms or changes in body weight, organ weights, or blood count. 

Three of the four dogs receiving repeated doses of 20 mg. per kilogram of 2,4-D 
died, and all four dogs receiving 20 mg. per kilogram of 2,4,5-T died during the 
study. Toxicity to 2,4-D at the dosage level was accompanied by bleeding from the 
gums, necrotic changes in the buccal mucosa, and some difficulty in chewing and 
swallowing, but there was only little evidence of clinical myotonia. A terminal fall 
in the percentage of lymphocytes was observed in three of the animals. 


Death during the repeated administration of 2,4-D or 2,4,5-T was not related 
to pathological changes in the liver, kidney, or other organs examined. 
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Abstracts from Current Literature 


General 


Tue Evatuation or COMPENSABLE Disapttity. C. O. Rice, Minnesota Med. 35:740 (Aug.) 
1952. 


According to Rice, it is not the responsibility of a physician to determine the monetary value 
of an extremity. He should decide only the extent of the anatomical and functional loss. 

The industrial laws in each state indicate specific indemnity values for “loss of, or the loss of 
and use of, an industrial member.” For less than complete loss of an industrial member, the 
law specifies “that the partial loss of a member shall be paid for as a percentage of the whole 
member.”” Within these legal stipulations the physician is expected to determine the percentage 
loss of the industrial member. The “industrial member” may be defined as one of the anatomical 
parts for which a specific indemnity is awarded by the industrial law. Evaluation must be made 
on the basis of the smallest industrial member within which all of the disability factors can be 
included. If, for example, a disability has been incurred in a hand and also in the elbow of the 
same arm, the sum of these disabilities must be established as representing a percentage of the 
entire arm. It would not be correct to give a disability to a hand separately and to the elbow 
in the same arm separately. The two must be combined to represent the disability to the entire 
arm, this being the smallest member within which both of these units can be placed. 

The industrial law specifies certain indemnities for certain industrial members. It then 
becomes possible to establish values for portions, or units, of the industrial member in relation 
to the whole industrial member. It has been possible to establish relative values for each joint 
of the finger in relation to the whole finger, for each finger in relation to the hand, and for the 
hand in relation to the entire arm. 

The author shows that if multiple units of a member are involved with disability the sum 
of these units may exceed 100%, and it then becomes necessary to reduce the disability of each 
unit. Diagrams and formulas are shown which demonstrate how such disabilities can be cal- 
culated. When the useful range of motion in a joint is used as a criterion for establishing a 
disability, then most of the other factors which contribute to a disability have been given 
consideration in that the factors causing disability lie within the arc of disabled motion. The 
patient is asked to move the disabled joint only through its useful range of motion. Forced 
motions, painful motions, or other disabled motions which might extend beyond the useful range 
are not measured. 


The described method of calculating disability is not designed to eliminate a surgeon's 
judgment; it is intended to aid him. 


Tue Prostem Drinker IN INpustrY. R. C. Pace, J. T. THorve, and D. W. Quart. 
J. Stud. Alcohol 13:370 (Sept.) 1952. 


From the point of view of industry, a problem drinker is defined as a person in whom repeated 
or continued overindulgence interferes with the efficient performance of his work assignment. 
After listing a number of industrial corporations which have concerned themselves with this 
problem, the authors report the results of their own studies among employees of the Standard 
Oil Company (N. J.) and its affiliates. In the Standard Oil Development Company there has 
been closer managerial and medical coordination and interest in the problem. 

Histories of 36 cases are presented. The employees were advised to undergo therapy or they 
decided to do so themselves. Ten patients sought help from Alcoholics Anonymous alone. 
Eight of these were successfully rehabilitated; two were failures, and one of the latter died of 
a myocardial infarction. 

Psychiatric treatment alone was given to five patients. Among these one fair result was 
obtained, and the rest were failures. Employment of all of the latter was terminated, or the 
patients were retired on managerial grounds. 
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A combination of psychiatric treatment, group therapy in Alcoholics Anonymous, and medical 
treatment was utilized in eight cases. Three good, three fair, and two poor results were obtained. 

Managerial warning was used in the case of one patient and was effective. 

Twelve patients refused all aid, either denying the existence of a problem or refusing to abide 
by the advice of the Medical Department to obtain treatment. All these continued to have their 
problem to the same extent or showed downhill progression. Two of the patients were retired 
for managerial reasons, and one died of effects directly attributable to alcohol. 

In summary of the 36 patients whose cases are reviewed, 12 were successfully rehabilitated ; 
4 were helped, though not completely; 8 were not helped significantly, and 12 refused all help. 
If only the group that accepted treatment is considered, 16 out of 24 patients were helped. 

The authors are convinced that there are far more problem drinkers than are actually carried 
on the confidential records of the medical department. For the most part, medical records have 
to do with far advanced cases. The seriousness of the problem is not necessarily measured in 
terms of total incidence. One moderate problem drinker in a key position may far outweigh 
in importance 10 workers with advanced cases among the rank and file. Present-day methods of 
dealing with the problem are inadequate. 


The approach to the alcohol problem should be preventive. Ultimately, the solution of 
problem drinking lies in the realm of human relations. The first responsibility belongs to those 
whose job it is to accept persons for employment and to place them according to their individual 
working potentialities. 


Occupational Diseases and Hazards 


Cram DicGer’s DERMATITIS: SCHISTOSOME, DERMATITIS FROM SEA WATER. L. Orrts and F. 
C. Compes, A. M. A. Arch. Dermat. & Syph. 66:367 (Sept.) 1952. 


“Arming” for hard clams is done in shallow water at low tide during the warm months, 
April through October. The “armer” usually lies across a rowboat, stirs up the mud with his 
hands, and scoops in the clams. Most “baymen” have learned by experience to wear protective 
clothing, consisting of rubber gloves and three or four pairs of nylon stockings to cover both 
upper extremities from wrists to shoulders. If protective clothing is not worn, an eruption 
appears upon the immersed portion of the skins of clam diggers. 

Several cases of an eruption in clam diggers who “arm” or “toddle” hard clams in the salt 
water of the Long Island Sound area have come to the attention of Orris and Combes. The 
young man whose case is reported had “armed” hard clams in a salt water tributary ot Long 
Island Sound during the week of Aug. 20, 1951. Being a novice, he wore no protective clothing. 
Several hours later he experienced intense itching of the upper extremities, although there were 
no visible lesions. However, the following morning he observed numerous discrete, red, 
“hive-like” papules on both forearms. These were initially about 2 mm. in diameter but gradually 
enlarged to about 1 cm., their summits capped by a seropurulent crust. 

Although new lesions appeared daily, the patient continued to clam. By the fifth day, both 
upper extremities were red, swollen, painful, and covered by several dozen nodules. The patient 
applied an antihistaminic cream and hot saline compresses without relief. Fever (temperature 
101 F.), malaise, and chilliness failed to respond to antihistaminic tablets. When seen on the 
seventh day (three days after the last exposure), the patient was extremely uncomfortable, chilly, 
and feverish. Both forearms and hands were red, feverish, edematous, painful, and covered 
by an extensive eruption confined to those areas previously immersed in the water. 

The lesions were discrete and grouped, erythematous, nodular, obtuse, pustular, and crusted, 
varying in diameter from 7 to 10 mm. In color and configuration they individually bore a 
striking resemblance to the lenticulopapular syphilid. 

The patient was treated symptomatically with cold compresses, a shake lotion, penicillin given 
intramuscularly and antihistaminic tablets. Within 24 hours he was much improved, and when he 
was last seen, seven weeks later, the eruption had disappeared except for some residual pig- 
mentation, slight infiltration, and superficial desquamation. 

This eruption in clam diggers is identical clinically to that in bathers with schistosome 
dermatitis (“swimmers’ itch”). Although reportedly fresh-water parasites, the schistosome 
cercariae must live facultatively in salt water. 
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Coat Miners’ PNeumoconiosis. W. D. Evans, Colliery Engin. 28:465, 474, 513 (Nov. and 
Dec.) 1951. 


The author approaches the problem of coal miners’ pneumoconiosis from a new angle. The 
cause of the variation in incidence of pneumoconiosis in British, and especially in Welsh, mines 
has long been puzzling. The author discusses the effects of silica in different forms but rejects 
silica as a cause of the pneumoconiosis generally encountered in those mines, because the silica 
content of the dusts is low. He also finds that evidence does not support the view that incidence 
of the disease varies directly with the total dust concentrations. He concludes that the difference 
in incidence of pneumoconiosis must be due to variations in the coal particles themselves. He 
classifies the coal dust of the region as V, Va, F, and D coal, according to the predominance of 
vitrainous (Va refers to an opaque modification of vitrainous), clarainous, fusainous, and 
durainous coal—the so-called macerals. In addition to petrological examination, a maceralogical 
study has been made by extracting the coals with a solvent and comparing the amounts of the 
extract by chromatographic methods. The dominant substance extracted has been termed 
“vitricin’” (British Provisional Patent). Vitricin is found in V-coal to a much greater extent 
than in any other type. Lignite is rich in vitricin. The author has found good correlation between 
the vitricin content of coals and the incidence of pneumoconiosis in the mines in which they 
prevail. Moreover, it has been demonstrated that the vitricin extracts inhibit the growth of 
B. subtilis and the human type of tubercie bacillus. Larger scale experiments are in progress 
to investigate that point more thoroughly. Vitricin is apparently nontoxic and can be administered 
in large quantities. Briefly, the author’s conclusion is that some grades of coal are relatively 


harmless, because they contain an antibiotic. Inpust. HyG. Dicesr. 


InpusTRIAL Merpicat Aspects OF CHEST DISEASES OF OCCUPATIONAL ORIGIN. FRANK 
Princ, J. A. M. A. 150:1173 (Nov. 22) 1952. 


Silicosis as a compensable disease should be diagnosed only after the obtaining of a complete 
and adequate occupational history, roentgenological evidence of lesions, and proof of infection and 
disability. 

Both symptoms and disability may be iatrogenic. Therefore they should be determined 
as quantitatively as possible and as objectively. 

Treatment for those in the acute stage consists of use of antibiotics, bronchodilators and 
aerosols, and intermittent positive pressure breathing. The patients whose cases are chronic 
receive general supportive therapy, breathing reeducation and exercises, and superficial psycho- 


therapy and are motivate irk. 
erap) d are motivated to return to work JeRRotD Scuwartz, Boston. 


Some PropLeEMs IN ROENTGEN DIAGNOSIS OF SiLIcosis. EUGENE P. PENDERGRASS, 
J. A. M. A. 150:1178 (Nov. 22) 1952. 


Postmortem roentgenography sometimes reveals pulmonary lesions up to 5 cm. in diameter, 
which have not been noted in conventional x-rays. 


Silicosis may be misdiagnosed roentgenologically as cancer. 


In x-ray follow-ups of pulmonary silicosis over a period of 10 years, lesions have occasionally 
been seen to migrate from the periphery to the hilum, where they have been mistaken for hilar 
tumors. 


JERROLD SCHWARTZ, Boston, 


Stupies oF OccupaTIONAL Cancer. W. C. Hvueper and Tuomas F. Mancuso, Pub. Health 
Rep. 67:644 (July) 1952. 
This discussion states that State Health Departments, because of their personnel, facilities, 
authority, and official status, are in a favorable position to pursue occupational cancer studies. 
The State Health Departments possess information regarding health hazards within the 
individual industries, and, if necessary, supplementary information can be obtained. 


Each state, because of varying natural resources and industries, presents an individual pattern 
and should develop its own program. 


ABSTRACTS FROM CURRENT LITERATURE 


Only when sufficiently reiiable data on such factors as incidence rates, site, sex, and race 
in various occupational groups have been collected is it feasible to institute effective control 
measures. 

The authors suggest three general methods which may be used to obtain information 
regarding occupational cancer within a state. The first is the use of morbidity and mortality . 
studies which utilize records of cancer incidence and deaths. This method may be incorporated 
in the routine procedure of the State Health Department. 

The second method utilizes information on death causes by organizational groups of industrial 
workers in the same industry or related trades. 

The third method uses verified data from death certificates, as related to previous employment 
records supplied by the Bureau of Old Age and Survivors Insurance of the Social Security 
Administration. 

One or more of the various methods may be suitable for the State Health Department 
investigations. Since cancer may be listed as a chronically disabling disease, the most hopeful 
method of obtaining reasonable control is to attack the occupational types of cancer whose 
etiology can be obtained with available methods. 


WaLteR W. MELVIN JR., Boston. 


CHRONICITY AND RELAPSE OF INDUSTRIAL DERMATITIS. 
2:66 (July) 1952. 


A. J. Rook, Tr. A. Indust. M. Off. 


The author of this paper discusses the factors involved in industrial dermatoses of prolonged 
course, reviews some pathology and physiology of the skin, and suggests some practical methods 
to prevent chronicity and relapse. He defines as chronic any dermatitis which fails to heal 
within three months after the patient has been removed from the offending agent. Excluded 
from consideration are industrial dermatoses, such as oil folliculitis, chrome ulceration, chloracne, 
pigment disturbamces, and neoplasms. 


Occlusion of sweat pores frequently causes miliaria rubra, probably because of closure of 
the keratin ring in the terminal portion of the sweat pores. Too frequent washings, alcohol 
rubs, and use of dusting powders all help to degrease the skin and may ultimately result in 
closure of the keratin ring. Chemical agents, infection, or trauma are also capable of injury 
to the sweat ducts, resulting in a chronic dermatitis. 


Although it is generally accepted that recovery from dermatitis takes longer in the older age 
groups (45 to 60), the author points out that the facts are too scanty to indicate that age 
is of any importance in determining chronicity of dermatitis. 

Psychological factors are of great importance in the dermatoses, and there is little doubt 
that the patient's emotional state, the stresses or tensions to which he is exposed, can be of 
greatest significance in determining chronicity or relapse. Investigating the psychological back- 
ground therefore may be of great value in treating the patient who presents himself with a 
long-standing dermatitis. 

When the normal defense mechanisms of the skin are disturbed, as in a chronic case of 
dermatitis, large numbers of organisms are able to develop, including pathogenic strains of 
staphylococci and streptococci. These organisms may not immediately produce any skin 
changes and so are easily overlooked. It has been demonstrated that frequently the skin 
becomes sensitized to these organisms, thereby perpetuating a dermatitis originally established 
by occupational or industrial factors. In such cases, appropriate antibiotics are indicated. 

Autosensitization and cross sensitization are briefly discussed. The author suggests that 
with the increasing use of organic chemicals of complex structure in industry and therapeutics 
a steady increase in the number of cases of chronic dermatitis is likely to continue. 

Concluding his article, the author stresses early diagnosis and treatment when possible. 
Local use of antibiotics and antihistamines 1s to be discouraged. Psychological aspects are to 


be kept in mind at all times. Minsk 


InpustrRiAL Dermatitis. Indust. Health Bull., Industrial Health Division, Department of 
National Health and Welfare, Ottawa, Canada 7:1 (Oct.) 1952. 


This bulletin summarizes the basic knowledge about industrial dermatoses thus: 
In those with oily skins acne-like mnfections are prone to develop from contact with greases 
and oils. 
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Perspiration serves to dissolve certain solid materials which are harmless when dry but are 
irritating when wet. 

Existing skin diseases such as athlete’s foot or acne seem to make the worker more 
susceptible to dermatitis from industrial materials. 

Solvents are apt to be irritating to the skin and should not be used. 

Chemical agents may cause primary irritation or may act as sensitizers. 

Industrial dermatoses in large measure can be attributed to lack of. knowledge of the 
harmful properties of materials, poor personal hygiene, and inadequate protective measures. 

The employer should be aware of, and familiar with, the hazards in his establishment which 


are likely to cause dermatitis. Georce E. Morris, Boston. 


Tue Errect oF CorTISONE ON EXPERIMENTAL C. V. Harrison, E. J. Kine, J. C. 
Dorr, and R. Sicuet, Brit. J. Indust. Med. 9:165 (July) 1952. 


Experimental silicosis was produced in rats by the intratracheal injection of quartz dust 
suspended in saline. The rats were then divided into two groups of 49 each. One group served 
as a control, and the other group received subcutaneous injections of 5 mg. of cortisone acetate 
three times a week. 

The cortisone modified the development of silicosis both in amount and in distribution. The 
dust cells in the lungs of cortisone-treated rats remained loosely scattered, mainly in the alveoli. 
This interference with the accumulation of quartz particles into focal aggregates retarded the 
development of discrete silicotic nodules. Some evidence of direct inhibition of fibrosis was 
ebtained, but this part is not certain. Cortisone did not affect the transition from reticulin to 


collagen. B. H. Amour, Boston. 


Tue Puacocytosis oF INpusTRIAL Dusts TissuE CuLTUuRES. KARL WILHELM JOTTEN 
and CHRISTIAN VAN Marwyck, Brit. J. Indust. Med. 9:173 (July) 1952. 


The phagocytosis of dust particles can be studied quickly and directly by the use of tissue 
cultures. In the studies reported here, spleen macrophages were used. Explants were obtained 
from the spleen of 13-day chick embryos, since the embryonic tissue is particularly rich in 
phagocytes. Phase-contrast microscopy made it possible to determine exactly the number of 
dust particles taken up by the phagocytes. 


Two methods of evaluation were used. The first was the number of macrophages con- 


taining dust cells per hundred cells counted. The second was the number of particles contained 


in every cell of 100 dust cells. The first of these methods was not sensitive enough, but the 
second gave constant measurable figures and striking differences for various dusts. 

Based on this, it was found that of the protective dusts limestone and metallic aluminum 
(silver-bronze) had no effect on the phagocytosis of quartz particles. Black metallic aluminum 
increased it by 58%, sucal (gypsum) by 38%, and bolus alba (kaolin) by 18%. Relation of 
these results to those of animal experiments indicates that the protective dusts which promote 
phagocytosis are capable of reducing the silicotic action of quartz. 

B. H. Amour, Boston. 


Tue Causes or DEATH AMONG GAS WORKERS WITH SPECIAL REFERENCE TO CANCER OF THE 
Lunc. Ricwarp Dott, Brit. J. Indust. Med. 9:180 (July) 1952. 


The causes of death among a group of workers pensioned by a large London gas company 
were compared with those occurring generally among men in London. Among these pensioners, 
840 deaths occurred, 856 being expected. Cancer of the lung was the only cause which showed 
an appreciable difference from the expected number. Lung cancer caused 25 deaths whereas 
13.8 had been predicted. This excess of deaths from cancer of the lung occurred principally 
among workers who had been engaged in the production of gas and in the treatment of waste 


products. H. Amour. Bosten 


ABSTRACTS FROM CURRENT LITERATURE 


PULMONARY TUBERCULOSIS IN THE RHONDDA Facn: AN INTERIM REPORT OF A SURVEY 
oF A Mininc Community. J. Gryn Cox and T. Francis JARMAN, Brit. M. J. 2:843 
(Oct. 18) 1952. 


A field experiment was designed to study, in a mining community with a high prevalence of 
pneumoconiosis, the effect of reducing tuberculosis infectivity upon the rate of appearance of 
progressive massive fibrosis in miners already affected by simple pneumoconiosis. 

The community chosen was that of Rhondda Fach (Little Rhondda Valley). The method 
was to discover as many cases of open tuberculosis as possible by an x-ray survey, to make 
special hospital provision for these persons, and to instruct in sputum control those who retained 
a positive sputum despite treatment. 

The present report is concerned with the findings of the first roentgenological survey of 
the adult population in relation to tuberculosis. The population was defined by electoral rolls 
and by lists of those who had left school during the past seven years and was fully checked by 
home visiting during and after the survey. Of the male population 91.7% and of the female 
population 869% were x-rayed. The lapses were greatest among the nonminers and the elderly. 

Cases of tuberculosis were classified as infectious, active, and quiescent. In miners with 
pneumoconiosis, massive fibrosis and active tuberculosis were considered to be roentgenologically 
indistinguishable and were classified together. 

Figures are given for the prevalence of tuberculosis by age and sex. In females the over-all 
prevalence of infectious tuberculosis was 7.1 per 1,000 and in males 6.2 per 1,000. In females, 
aged 20 to 24, the prevalence was 22.9 per 1,000 for infectious tuberculosis and 35.6 per 1,000 
for active tuberculosis. The sputum of 1.1% of all patients with massive fibrosis was positive. 
The prevalence of positive tuberculin reactions among the school children was similar to that 
found in other urban areas in England) and Wales, which suggests that the prevalence of 
tuberculosis in this valley may be typicaP of other such areas in the country. 

About 30% of the miners and ex-miners had some roentgenological signs of pneumoconiosis 
(Category 2 or more); 15% had progressive massive fibrosis. 

All but two patients with infectious tuberculosis were given hospital treatment. The number 
of infectious cases in the valiey has been reduced by about 60%, and the patients are all being 
closely supervised by a health visitor. 

Future surveys will show what effects this reduction will have on the tuberculin positivity and 
on the rate of appearance of new cases of tuberculosis and massive fibrosis. 


AUTHORS’ SUMMARY. 


OCCUPATIONAL AND PERSONAL FACTORS IN THE AETIOLOGY OF CARCINOMA OF THE LUNG. 
R. B. McConnett, K. C. T. Gorpon, and T. Jones, Lancet 2:651 (Oct. 4) 1952. 


Whereas 25 years ago it was a rare disease, carcinoma of the lung now is one of the 
commonest visceral cancers in men. It is from seven to eight times more frequent in men than 
in women, 

A study of occupational and personal factors in patients with carcinoma of the lung was 
commenced in 1946 in the Liverpool area. After a time statistical control was deemed advisable, 
and the authors started to interview a group of inpatients with diseases other than cancer. 
The environmental, occupational, and smoking histories of 100 patients with carcinoma of the 
lung were compared with those of 200 inpatients of the same age and sex suffering from diseases 
other than cancer. Carcinoma of the lung was demonstrated in the 93 men and 7 women by 
biopsy, necropsy, or operation. 


Careful questioning showed that 47% of the cancer patients had been exposed appreciably 
to various dusts, fumes, and smokes; 43% of the controls had been similarly exposed. Only 
a slightly higher proportion of the cancer patients lived in industrial areas (60% as compared 
with 54% of the controls). An equal proportion of the two groups (16 to 17%) had lived near 
a gasworks or other industrial source of atmospheric pollution. 


No significant difference was found in the incidence of smoking or in the proportion of 
cigarette smokers in the two groups, but a significantly higher proportion of the smokers with 
cancer (33%) had smoked more than 20 cigarettes per day than had the smokers without 
cancer (18.1%). 

It is possible that heavy smoking of cigarettes may be a factor in the etiology of carcinoma 
of the lung. 
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Printers’ AstumMa. P. B. S. Fow.er, Lancet 2:755 (Oct. 18) 1952. 


In the men presented in this paper asthma developed after exposure to a spray made of 
gum acacia and isopropyl alcohol which is used in color printing. This spray is thrown over 
each sheet and forms a barrier between successive sheets on which the color print is still wet. 
Color from one sheet is thus prevented from passing on to the back of the next sheet added 
to the pile. 

The first patient attended a general medical outpatients’ department, complaining of asthma 
which he believed was due to the spray fluid to which he was exposed at work. A few weeks 
later 31 other printers were examined. They came in response to a letter sent to London printing 
chapels asking members who thought they were affected by the spray fluid to attend for 
examination. Finally, another group of 31 printers, comprising the staff of a firm engaged 
largely in color printing, were examined. 

Of these 63 printers, 32 had asthma, 14 had early symptoms of sensitization attributable to 
gum acacia, and 17 had no symptoms attributable to the spray fluid. 

The average duration of exposure before asthma developed was four to eight years, but the 


period of exposure was half as long for the six printers who had a past or family history 
allergy. 


In one firm, 19% of the printers had asthma and a further 30% had early symptoms 
asthma due to sensitization to the spray. 


This industrial hazard can be eradicated by the substitution of dextrose for gum acacia 
in the spray fluid. 


An EXPERIMENT IN OCCUPATIONAL DISEASE REPORTING. 


D. P. KeNNEpy, New 
M. J. 51:167 (June) 1952. 


Zealand 

Increased industrial development in New Zealand resulted in the establishment in 1951 of a 
pilot scheme for reporting occupational diseases. In the area considered a voluntary reporting 
method was set up to obtain data on the incidence and causes of such diseases. 

A table showing the distribution of 112 reported cases through five general classes and 13 
subgroups is given, as are tables showing distribution according to industry, likely causative 
agents, and length of time the worker has been employed. 

Dermatitis accounted for the greatest number of cases reported (65), and the effects of 
sulfur dioxide fumes for 26. 


The remaining 21 cases were distributed among the other 11 sub- 
groups. 


It is pointed out that considerable investigation will be necessary to determine whether or not 
cccupational deafness constitutes a problem in New Zealand. 


Hampton H. TraAyYNER, Boston. 


Industrial Toxicology 


STUDIES ON THE VISUAL TOXICITY OF METHANOL: II. THE 


EFFECT OF PARENTERALLY 
ADMINISTERED SUBSTANCES ON THE SYSTEMIC Toxicity OF METHYL ALCOHOL. 
P. Gitcer, A. M. Potts, and L. V. Jonnson, Am. J. Ophth. 35:113 (May) 1952. 

The acute toxicity of methanol and formaldehyde for white mice has been determined. The 


L.D.% for single intraperitoneal injections of methanol was between 10.5 and 11.0 gm. per 


ANITA 


kilogram. The L.D.. for single intraperitoneal injections of formaldehyde was around 0.07 gm. 


per kilogram. Bis (diethylthiocarbamyl) disulfide (antabuse*) increased the toxicity of meth- 
anol by about two times. Aminoacetic acid (glycine) protected against methanol poisoning signi- 
ficantly but slightly. Cysteine did not counteract methanol poisoning. In addition, it apparently 


formed a highly toxic compound with formaldehyde. Under our experimental conditions, corti- 


sone had no effect on methanol poisoning. Ethyl alcohol significantly increased the toxicity of 
methanol and formaldehyde and significantly lessened the time of death after methanol poisoning. 
Under our experimental conditions and with white mice, ethyl alcohol, a substance which has been 
recommended and used as an antidote for methanol poisoning, is definitely harmful from the 


point of view of life itself. For this reason, use of ethyl alcohol in the therapy of human 


methanol poisoning should be discontinued pending further investigation. 


AUTHORS’ SUMMARY. 


| 
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Toxicity Stupy oF A Spot Fumicanr. E. M. Apams, R. L. Hoorincswortn, H. C. 
Spencer, and D. D. McCor.ister, Mod. Sanitation 4:39 (July) 1952. 


Tests of acute vapor toxicity were made of a fumigant mixture consisting of carbon tetra- 
chloride (60.0% by weight), ethylene dichloride (9.6%), and ethylene dibromide (20.4%). 
With the use of experiments on rats, various measures of toxicity were obtained in terms of 
capacity to kill and capacity to cause injury. These data showed that the combined action of 
the constituents represents a simple summation of the separate activities without potentiation. 
The experimental results permit the derivation of an Industrial Hygiene Standard for the 
evaluation of single exposures of workmen. Representative of intensities of exposure which 
should not be exceeded are the following: 75 ppm for seven hours, 300 ppm for one hour, 
and 1,500 ppm for one-tenth of an hour. Arnone’ Sumuaaie: 


Morsipity AND MorTALITY EXPERIENCE AMONG CHROMATE WorKERS. HvuGu P. BRINTON, 
Evizapetu S. Frasier, and Link Koven, Pub. Health Rep. 67:835 (Sept.) 1952. 


The authors describe the morbidity and mortality experience, by age and race, of male 
members of sick-benefit associations in seven chromate-producing plants and compare it with 
that of a large group of industrial workers. 

The frequency rates for all specific causes except cancer were nearly the same for all workers. 
The cancer rate for chromate workers was 7.1, as compared with 0.7 for workers in other 
industries. 

The average annual death rate during the nine-year period 1940-1948 per 100,000 males 
aged 15 to 74 years for all causes was 1,503.1, for chromate workers and 927.8 for the corres- 
ponding male population of the United States, For all causes except cancer, the death rates 
were 923.6 and 797.5, respectively. 

For cancer, all sites, the actual number of deaths of chromate workers was approximately 
four and one-half the number that would have been expected had the cancer rates for all males 
in the United States prevailed. When cancer of the respiratory system was observed separately 
for chromate workers, nearly 29 times as many deaths as were expected were found. 


Gruica Zarcovié, Boston. 


Acute CARBON TETRACHLORIDE PotsoninG. F. H. Harris, U. S. Armed Forces Med. J. 
3:1023 (July) 1952. 


In the cases reported, 78 naval students were exposed for from 1 to 16 hours to an unknown 
concentration of carbon tetrachloride fumes while cleaning guns in a poorly ventilated room. 
Symptoms experienced by the 49 men who were affected are listed. 


Only 15 became uncom- 
fortable enough to seek medical aid, and 6 were hospitalized. 


They all recovered within 54 days 
under supportive and symptomatic treatment, plus calcium gluconate given intravenously. The 
author says in conclusion: “Carbon tetrachloride is still a source of danger in the Navy. 
Exposure to concentrated fumes for three hours is enough to cause serious kidney and/or 
liver damage. Alcoholic intake prior to and immediately after exposure to carbon tetrachloride 
enhances the development of poisoning. The use of carbon tetrachloride by naval personnnel 


should be discontinued.” Inpust. Hyco. Dicest 


Fatat LEAD PorIsoNING SIMULATING PoLiomyetitis. A. F. Brarr, D. O. Lynn, and O. A. 
Wurt, U. S. Armed Forces M. J. 3:1353 (Sept.) 1952. 


The nervous system is one of the more commonly involved systems in lead intoxication and 
may present varied clinical findings. The case of fatal lead poisoning presented here was con- 
fused with bulbospinal poliomyelitis. The patient was a man, aged 23, who had been on duty 
with the Navy for four months. He had been ill for three weeks when his chief complaints, on 
admission, were progressive paralysis involving all extremities and a marked pain in his back 
and the muscles of his thighs, with onset six days previously. Twenty-four hours prior to 
admission, he had had difficulty in swallowing and marked dyspnea. He was placed in a 
respirator but died two days later. Chemical analysis of the blood post mortem revealed a lead 
content of 0.5176 mg. per 100 cc. Microscopic sections of the brain and spinal cord indicated a 
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toxic type of encephalomyelopathy rather than an infectious process. The patient had been 
employed as a welder and pipe fitter for about four months. He had worked on galvanized 
and sheet metals and had, therefore, been exposed to the fumes of lead, zinc, and arsenic. 
During his four months in this occupation he had had a poor appetite, and his intake of food 
had been small. No fresh milk had been available during this period. Prior to recall to active 
duty, he had done electrical work, the exact nature of which was unknown. The diagnosis of 
lead poisoning predominantly affecting the nervous system depends on a high index of suspicion 
and a history of occupational or inadvertent exposure to lead. The demonstration of abnormal 
concentrations of lead in the blood or urine is proof of the absorption of excessive quantities 
into the body. 


THE RELATION OF PARTICLE SIZE OF URANIUM DioxtpE Dust to Toxicity FOLLOWING 
INHALATION BY ANIMALS. II. HERBERT B. WiLsoN; GEORGE E. SYLVESTER; SIDNEY 
LaskKIN; CHARLES W. LABELLE; JAMEs K. Scort, and H. E. Sroxincer, UR-197 
(June 6) 1952. 


In two separate experiments, rabbits and rats were exposed to inhalation of UO: at a 
concentration of 80 mg./m*, seven hours daily, 5 or 6 days weekly for 37 calendar days. In the 
first, the mass median diameter (MMD) ot the chamber dust particles was 2.3 4; in the second, 
0.5 4. The dusts were produced by “atomizing” water suspensions of the particles, and pre- 
cautions were taken to reduce to negligible proportions “fines” in the 2.3 study and hexavalent 
U in the 0.5 & study. Greater toxicity of the 0.5 4 MMD particles was evidenced in the rabbit 
by slight retardation of growth, higher incidence of urinary protein, elevation of urinary amino 
acid N-creatinine ratios and of blood N.P.N., and greater renal damage; in the rat, by greater 
renal damage, retardation of growth, increase in lung weight and in apparent gross lung 
damage. Uranium in all tissues (lung, femur, and kidney) of terminally killed animals was 
greater after inhalation of the 0.5 # MMOD dust than of the 2.3 # dust. An unusual granu- 
lomatous reaction was observed in the lungs of two terminally killed rabbits of the 0.5 # study. 
These results are compared with those of two preliminary experiments, conditions of which 
differed from those of the current studies in only two important respects: in the earlier studies 
(a) the MMDs of the particles of the “above 1 “” study were smaller; (>) significant percentages 


~xavalent U were present i st. 
of hexavalent U were present in the & dust Wecunin Se. Ader 


Tue ToxicoLocy oF A PHOSPHATE POLYMER AND Its USE AS A URANIUM ANTIDOTE. C. S. 
TipBaLL, R. E. Gossettin, W. E. Downs, R. MEGARIAN, and A. ROTHSTEIN, Univ. 
Rochester (UR-204) May 16, 1952. 


As a part of a study on the antidotal properties of polyphosphate in metal poisoning, the 
toxicology of commercial sodium hexametaphosphate (HMP) is presented. HMP is found to 
consist of short unbranched linear chains of orthophosphate units with six atoms of phosphorus 
in the average molecule. Two mechanisms of HMP toxic action are established: a reduction 
in extracellular calcium ion and a metabolic acidosis. The hypocalcemia is associated only 
with intravenous infusion of HMP. The acidosis is indicated as the primary toxic manifestation 
of HMP when given intraperitoneally or subcutaneously. Previous success at antidoting uranium 
poisoning with subcutaneous Ca HMP is not corroborated by this series of experiments. Pre- 
liminary efforts to correct the acidosis produced by HMP with subcutaneous Na lactate did 
not alter the toxicity of uranium in the presence of Ca HMP when all three agents were given 


at the same time. Nucuzan Sc. Asst. 


Leap CONTENT OF CEREBROSPINAL FLutp. BENVENUTO PERNIs, Med. lavoro 43:251 (June- 
July) 1952. 


The lead content of the cerebrospinal fluid in normal subjects and in patients suffering from 
lead poisoning (including a case of lead encephalopathy) has been determined by polarographic 
and spectrographic methods. 

In the cerebrospinal fluid of normal subjects, lead was either absent or present in minimal 
amounts, always less than 18 y per 100 ml. In lead poisoning cases in which the central nervous 
system was not impaired, the cerebrospinal fluid showed a lead content either equal to or slightly 
above that found in normal subjects. 


t 
CURRENT 


ABSTRACTS FROM LITERATURE 


In the cerebrospinal fluid of a patient with acute lead encephalopathy, lead itself was found 
in much larger amounts. It was, however, considerably lessened after the nervous symptoms 
had disappeared. It is therefore probable that, at least in cases similar to the one observed 
(with mainly psychic symptoms), the impairment of the central nervous system is caused by 
the direct action of lead on the nervous cells of the brain cortex. 


ENGLISH SUMMARY. 


PRELIMINARY INVESTIGATIONS ON PREHYPOPHYSEAL GONADOTROPIC FUNCTIONING IN LEAD 
Potsontnc. A. Route and G. Morra, Med. lavoro 43:261 (June-July) 1952. 


Biological determination of prehypophyseal gonadostimulin eliminated in the urine was made 
in 12 cases of lead poisoning, following the method of Varney and Koch. In eight cases 
insufficient elimination of the gonadotropic substances which appeared to be related to the 
intensity of the lead absorption and the gravity of the clinical picture of poisoning was revealed. 

The authors advance the hypothesis that insufficiency of the prehypophyseal gonadotropin 
represents a deviation of the prehypophyseal substances in response to the toxic stimulus of 


lead, as occurs i > general adaptation syndrome. 
d, irs in the g P ynd ENGLIsH SUMMARY. 


RELATION BETWEEN METHEMOGLOBINEMIA AND CATALASIS IN EXPERIMENTAL ANILINE 
PorsoninG. GHIRINGHELLI, Med. lavoro 43:272 (June-July) 1952. 


Ghiringhelli sets out to confirm whether the transformation of hemoglobin into methemoglobin 
which is noted in the course of aniline poisoning is accompanied by inhibition of peroxidasis 
(catalasis). With this intention he inoculated six animals with doses of 20 mg. of aniline per 
kilogram of body weight, and after having established that the maximum values of methemo- 
globin are observed two to four hours after injection, he estimated the hematic value 
of peroxidasis before and one, two, three, four, and five hours after injection of the aniline. 
The results obtained show that the peroxidase activity remains almost constant when only 
maximum oscillations of 12% are taken into account. 

The failure to inhibit the enzymatic activity of peroxidasis in vivo by the effect of aniline 
(which is confirmed in vitro) is attributed by the author to the fact that the body can bring 
into play reactions of at least partial neutralization of the action of the toxic product. 


ENGLISH SUMMARY. 


Use or ALpuMIN SERUM IN’ KERATINIZED TABLETS FOR THE PREVENTION oF LEAD 
PotsoninG. S. De Renzi and R. Riccrarpi-Potrini, Med. lavoro 43:276 (June-July) 
1952. 


The authors propose the use of blood protein in keratinized tablets, instead of milk, for the 
prevention of lead poisoning. They discuss the theoretical experimental basis of the method and 


> first practical results. 
report the ENGLISH SUMMARY. 


Tue METABOLISM OF BENZENE IN MAN. 
Kuprna, Prac. lék. 4:175 (June) 1952. 


J. TEIsINGER, V. BERGEROVA-FISEROVA, and J. 


Fifteen experiments are described on human subjects who inhaled benzene for five hours in 
a gas chamber in an average concentration of 340 Y per liter. The experimental subjects 
retained an average of 46.3% (33.3 to 65%) of inhaled benzene. 


During the desaturation period an average of 12.1% of the retained benzene was eliminated 
through the lungs. By calculation a figure somewhat higher, 15.8%, was obtained. This figure 
is substantially lower than the one previously obtained by the authors in two-hour experiments. 


It is clear therefore that the length of exposure has a bearing on the desaturation through the 
lungs. In the urine only 0.1 to 0.2% of the benzene absorbed by the subjects was excreted. 

In the urine of unexposed persons an average of 9.5 mg. of phenol (including p-cresol) and 
4.6 mg. of pyrocatechol is excreted in 24 hours. Hydroquinone does not usually appear in the 
urine, but it does appear after consumption of smoked meat and fish and after the use of certain 
drugs. After the inhalation of benzene an average of 28.8% of the absorbed benzene is excreted 
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in the urine in the form of phenol, 2.9% as pyrocatechol, and 1.1% in the form of hydroquinone. 
The excretion of phenol and pyrocatechol is highest during the first 24 hours. Within 48 hours 
the excretion of these substances is practically completed. Hydroquinone excretion lasts 48 hours. 

In the case of exposed subjects the ratio between inorganic and organic sulfates was deter- 
mined in the urine. The known fact that the amount of organic sulfate rises was confirmed. 
This rise, however, is disproportionately higher than the amount which would correspond to 
the amount of excreted phenols. The view is put forward that benzene affects the metabolism 
of other substances of a protein nature, the metabolites of which are excreted as ethereal sulfates. 


ENGLISH SUMMARY. 


Medicine and Surgery 


RUPTURE OF THE INTERVERTEBRAL Disc IN INDUSTRY: FURTHER OBSERVATIONS ON THE 
Enp Resutts. A. P. AttKen, Am. J. Surg. 84:261 (Sept.) 1952. 


Strains of the low back brought on by lifting or twisting are perhaps the commonest of all 
injuries; yet today we have no knowledge of the exact nature or site of the lesions so produced. 
Such strain is variously described as occurring in the low back muscles or in the various intra- 
spinal ligaments. Others believe that the lesion occurs in the capsules of the facets because of 
abnormal excursion of these structures. Rupture of an intervertebral disk is generally assumed, 
if the pain radiates into the lower extremity. It cannot be denied that recognition of the 
ruptured intervertebral disk and its symptom complex represents an advance in the diagnosis 
and treatment of lesions of the low back. However, there is considerable doubt that all lesions 
characterized by back and leg pain are to be explained by such a diagnosis. Since most patients 
give a history of trauma, this problem has become of great importance in the field of industry. 


A résumé is given of the end-results of 200 patients operated upon for rupture of the 
intervertebral disk as a result of industrial accidents between the years 1947 and 1949. The 
results of this operation in industrial cases are poor and show little if any improvement over a 
comparable series covering the years 1940 to 1947. 

The diagnostic error in this series was 17.5%, indicating that the diagnosis of a ruptured 
disk cannot be made easily. A review of the diagnostic criteria is given, including distribution 
of pain, effect of coughing and sneeezing upon pain, total protein determination, and myelogram 
and neurologic findings, and the fallibility of any or all symptoms, tests, or findings is pointed 
out. The importance of adequate conservative treatment, not only as such but also as a diagnostic 
aid, is emphasized. 


The facts pointed out in this paper are not to be construed as a condemnation of the operation 
for rupture of the intervertebral disk. 
definitive treatment. 


This condition is a true pathologic entity which requires 
The breezy attitude of many surgeons in approaching this problem, the 
lack of adequate study, the failure to appreciate the psychologic effects of injury, the facility 
with which surgery is recommended, and the inadequacy of its performance are to be condemned. 
It is hoped that these deficiencies will be corrected; then there will be a decrease in the volume 
of surgery, with a vast improvement in end-results. 


INDUSTRIAL MEDICAL 
(June) 1952. 


PracticE—1952. RONALD ForRBES 


3UCHAN, Indust. Med. 21:261 

In view of the recent expansion in the field of industrial medicine there has been a great 
deal of emphasis on some of the aspects of and factors involved in the practice of industrial 
medicine. In an attempt to examine some of these aspects, the author presents brief discussions 
on the following subjects: (1) the advent of nonoccupational disability laws and their import 
2) diagnostic services and their place in industrial practice; (3) 
alcoholism, its implication in industry as a disease concept; (4) mental health and its integrated 
relation to industrial health services; (5) noise and radiation hazards; (6) industrial medical 
research, particularly in relation to the epidemiology of nonoccupational disease which constitutes 


to medicine and industry; 


the largest part of the industrial case load; (7) education, its status and significance; (8) medical 
services for small plants; (9) the status of industrial physicians in professional and civic life, 
and (10) industrial medicine a: specialty. 

d (10) Parvin Sarp1, Boston. 
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Grease-Gun Injuries. R. C. Bert, Brit. J. Plast. Surg. 5:138 (July) 1952. 


A high-pressure grease gun delivers grease at the pinhole nozzle, under a pressure ot 
2,000 Ib. per square inch, as a fine spray which may penetrate the tissues like a needle and 
fill a finger in the split second before it can be pulled away. The gun need not be in contact 
with the skin for this to happen. Both the cases reported here occurred in the same garage 
and with a medium which contained 10% limesoap and 90% mineral oil. The accident is 
usually caused by the nozzle of the gun slipping off the nipple of the brake while the trigger 
is still being pressed, and the jet of grease enters a finger of the hand holding the brake. The 
entry of the grease causes an instantaneous swelling of the finger and an increased interstitial 
pressure which may be followed by vascular obstruction and gangrene. The tissues become 
white, tense, and anesthetic. 

The foreign material causes chemical irritation followed by inflammation and sterile abscesses, 
or if the tissues become secondarily infected, sloughing and necrosis of the skin and deeper 
tissues may occur. Throbbing pain is intense during this period. 

If the grease lies near the skin, multiple small pits appear within a few weeks and a creamy, 
foul-smelling substance is intermittently discharged. If the grease lies deeper, it may become 
encapsulated in fibrous tissue containing whorls of fibroblasts, foam cells, and polymorphonuclear 
leucocytes. Cyst-like spaces also occur, filled with grease and lined with flattened connective 
tissue cells. If the process becomes excessive, benign tumor-like formations of fibrous tissue 
appear, similar to the oleomas and paraffinomas of early thoracic and plastic surgery, which 
may require excision and replacement by a graft or flap. 

In the first of the two patients here reported, the pinhole-entry wound healed in a day or 
two, but on the third day after the accident the finger began to swell and throb and felt tense. 
On the fourth day the terminal interphalangeal joint became stiff. Despite the application of a 
kaolin poultice twice daily for three days, the finger became steadily worse. On the tenth day 
the patient was hospitalized. The finger now was pale, except around the entry wound in the 
pulp which had broken down and was red and tender. A hard, fusiform swelling extended from 
the level of the base of the nail to the middle of the proximal compartment and prevented all 
movement of the distal interphalangeal joint. 

The same day the finger was explored in a bloodless field through a bayonet incision based 
on the distal volar digital crease. Beneath the flap over the finger pulp a few minute globules 
of grease were visible in the subcutaneous tissue, which was stained uniformly yellow. About 
3 mm. beneath the skin a thin fibrous sac was found, and on nicking it a bead of grease, some 
0.75 cc. in volume, exuded. The flap over the middle compartment was then raised, and a 
smaller bead of grease, surrounded by a thin membrane, was found and removed. The proximal 
interphalangeal crease was explored through a second incision and the tendon sheath was 
opened, but the tissues at this level were normal. The patient returned to work at the end of 
two months, wearing a leather finger stall. After four and a half months a little creamy material 


could still be expressed, but the finger had recovered its full range of movement. The possibility 


of excising the indurated area of skin and replacing it with a graft or a cross finger flap has 
been discussed with the patient, but so far the disability is considered to be too slight to require 
intervention. 


The second patient whose case is reported had been treated c mservatively. His long period 
of discomfort and loss of earning power, terminating in an operation at the end of two years, 
does not recommend conservative treatment, and early removal of the 


grease seems to be 
indicated. 


Environmental Conditions 

Some Aspects oF THE PuysicaL BEHAVIOR OF AEROSOL PARTICLES IN THE ATMOSPHERE. 
W. E. Ranz and H. F. Jounstone, AECU-2093 (May 5) 1952. 

Phenomena which are associated with the behavior of individual particles can be 

in terms of known physical concepts if factors which are insignificant by many 

magnitude in normal experience are recognized to be significant in a scale of values 


understood 
orders of 


reduced to 
the mass and size of an aerosol particle. The following topics concerning aerosol particles in the 


atmosphere are discussed in terms of known concepts, with recognition of significant factors: 
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(1) gross motion of aerosol particles caused by atmospheric turbulence; (2) forces which affect 
the motion of individual aerosol particles; (3) effect of the electric field in the atmosphere on 
the deposition of dust particles; (4) washout of dust particles by raindrops; (5) coagulation 
caused by thermal and turbulent motion as it affects the particle size of the atmospheric aerosol, 
and (6) decay and growth of aerosol particle. 


NUCLEAR Sc. Asst. 


THE MEASUREMENT OF INDUSTRIAL NOISE. 
13:136 (Sept.) 1952. 


G. L. Bonvatiet, Am. Indust. Hyg. A. Quart. 


This article is described as a manual on the measurement of industrial noise to be used by 
technical personnel in industry. The principles of sound that apply to measurement are described, 
including source, nature, properties, and decibel notation. Various instruments and techniques 
with respective precautions and limitations are described. Calculation of loudness and a typical 
sound measurement procedure are carried out in detail. Fourteen references are given. 


R. Dennis, Boston. 


THE INFLUENCE OF AIRPLANE NOISE ON AUDITORY THRESHOLDS, 


B. H. Senturtia, Ann. 
Otol. Rhin. & Laryng. 61:331 (June) 1952. 


There has been a great deal of controversy regarding the degree and permanence of hearing 
impairment which has occurred as a result of exposure to airplane noise. Some demanded 
assurance that accidents in airplanes were not due to the inability of “old-time” pilots to hear the 
beam or the radio under difficult atmospheric conditions, and emphasized the lack of careful 
studies in this field. 

It was decided to study enlisted trainees at preflight training, obtain their auditory thresholds, 
and then reexamine their hearing after the completion of each phase of training. 

One hundred students who had successfully passed their Army physical examinations and’ 
had records of 20/20 hearing for whispered voice were examined at preflight school. 

It was demonstrated that a large percentage of men 
hearing losses after exposure to aircraft noise. These 
frequencies 1024 to 5792 cps. In the more vulnerable 
hearing loss is delayed. 


in pilot training will show temporary 
temporary losses tend to involve the 
2896 to 5792 cps region, recovery of 


It may be concluded that hearing losses incurred during primary, basic, or advanced pilot 
training are, on the whole, temporary losses, which are completely recovered after 24 hours of 
freedom from exposure to aircraft noise. 


CONTROL OF METALLURGICAL AND MINERAL Dusts AND FuMEs IN Los ANGELES County, 


CALIFORNIA. GLENN L. ALLEN, Floyp H. Viets, and Louis C. MceCase, BM-IC-7627 
April, 1952. 


The air-pollution problem in Los Angeles is considered, and a discussion is presented of the 
steps taken by specific metallurgical and mineral industries to determine the nature and amount 
of dust and fume produced and the methods used to control their emissions at the source. The 
nonferrous pyrometallurgical industries, the ferrous pyrometallurigcal industries, and industrial 
mineral dusts and fumes are discussed separately. The electrical precipitator and the baghouse 
are the most versatile and positive devices demonstrated industrially to date for accomplishing 
the necessary end. The precipitators, large and small, operated wet or dry, are the answer to 
some of the most difficult problems in ferrous and light-metals work and industrial mineral 
processing. Units as small as 10,000 cfm are in satisfactory operation. 


Jaghouses, particularly 
those designed and equipped for operation at high temperature (250 to 500 F.), are producing 
excellent results in both ferrous and nonferrous work at costs that most industries can afford. 


NUCLEAR Sc. ABstT. 
CUMULATIVE ANNOTATED BIBLIOGRAPHY ON ATMOSPHERIC POLLUTION BY SMOKE AND GASES. 
Harris P. KRAMER and Meteorol. Abst. 1:46, 1950. 


This bibliography contains 240 annotated references to works published between 1661 and 
1949 (arranged chronologically and outlined by subject and geographical location) on air 
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sampling and analysis instruments and methods; effect of atmospheric pollution on animals, 
building materials, public health, vegetation, etc.; mechanics of dispersion of particles in the air; 
smoke-abatement measures and other aspects of air pollution in relation to meteorological factors 


in all parts of the earth. Ricsy Asst.]. 


NoisE—AN OccuPATIONAL HAZARD IN THE UNITED States AiR Force. Atvin F. MEYER 
Jr., Mod. Sanitation 4:26 (Oct.) 1952. 


Noise is defined as unwanted sound. Noise problems in the Air Force produce both true 
health problems and nuisance values. The numerous sources of high intensity noises are 
mentioned. 


Studies are cited illustrating the effects of acute and chronic exposures to high-sound levels. 

Criteria are established for determining sound levels which interfere with speech and which 
produce permanent damage. These are indicated in tabular and graphic form. The charts 
can be used to determine appropriate sound levels in various activities and in hospital and 
residential areas. 

Irritation produced by noise, with resultant inefficiency and psychic and somatic trauma, is 
present also but is difficult to evaluate. 

Solutions to the problem lie in zoning, sound proofing, and possibly individual ear defenders, 
which are now being developed. Prophylactically, repeat audiograms at fixed intervals are 


re > 
suggested. JerRRoLD J. Schwartz, Boston. 


Air PoLLuTION AND CANCER OF THE LuNG., P. Stocks, Proc. 19th Ann. Conf. Natl. Smoke 
Abatement Soc., 1952. 


This paper by the Senior Research Feilow of the British Empire Cancer Campaign, who is 
also Medical Statistician to the World Health Organization, indicates a relationship between 
the number of inhabited dwellings in a city and the death rate from cancer of the lung and of 
the bronchus in that city. The male lung cancer indices varied from 160 for cities such as 
London, Manchester, and the Merseyside group, with more than 200,000 occupied dwellings, 
to 134 and 132 for the Birmingham and Leeds groups, down to 100 for some 13 towns, each with 
20 to 30,000 dwellings. Dr. Stocks quotes the work of Doll and Bradford Hill which “showed 
a remarkable preponderance of heavy tobacco smokers amongst the lung cancer patients.” 
This may serve to make more difficult, but not by any means to obscure, the correlation 
between high domestic smoke pollution and iung cancer. The author concludes by saying that 
though much of what he has here written may appear conjectural it can be, and will be, tested by 


d researc Peter C. G. Isaac, Newcastle upon Tyne, England. 


ENVIRONMENTAL HEALTH NEEDS IN A Dynamic Society. Mark D. Ho Pub. Health 
Rep. 67:903 (Sept.) 1952. 


Hollis calls attention to the need for greater recognition of environmental health as a factor 
in the economic and social development of this country. Rapid technological progress has 
induced complex changes in the environment. This calls for a reevaluation of current public- 


health programs and an adjustment to meet the needs. A. T. Rossano, Boston. 


Air CONTAMINATION IN INDUsTRY: IV. HypROGEN SULFIDE IN THE ATMOSPHERE OF 
TANNERIES. JAN Rousat, JosEF ZpRaAziL, and Frant Picwa, Prac. lék. 4:155 (May) 
1952. 

A case of hydrogen sulfide poisoning is described, which occurred in a tannery pit of a 
modern sole-leather tannery. Two hours after the accident the concentration of hydrogen 
sulfide in the air of this pit was found to be 0.2119 mg. per liter. A systematic examination of 
the air in the tannery in connection with the technology of the process was carried out, and 
the highest values were found both in the pit (0.0972 mg./l.) and in the cropping (0.0898 mg./I.). 
In other parts of the tannery the concentration of hydrogen sulfide in the air varied between 
0.02 and 0.05 mg. per liter of air. It was discovered through the investigation that the con- 
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tamination of the air by hydrogen sulfide was not due to putrefaction but to the liberation of 
the gas from sodium monosulfide during the tanning process in acid liquor. The hydrogen 
sulfide was liberated in this way from skins treated with lime sodium monosulfide. 


ENGLISH SUMMARY. 


Determination of Air-Borne Contaminants 


COLORIMETRIC DETERMINATION OF CYANIDE IN STACK GAs AND Waste Water. F. B. 
Fisuer and J. S. Brown, Analyt. Chem. 24:1440 (Sept.) 1952. 


The work in this paper was developed as a result of general dissatisfaction with the accuracy 
and reproductability of several colorimetric procedures used for the control evaluation of 
cyanides in refinery waste effluents. A method, which is based on the reduction of sodium 
picrate by cyanide to form a colored product, is presented for the quantitative determination 
of cyanogen and hydrogen cyanide in refinery stack gases and of those cyanides in refinery 
waste waters which are readily decomposed by strong acids. The determination is sensitive 
to 1 ppm and accurate to within 2% of the correct value; the developed color is stable and 
the determination is not affected by other substances normally encountered: in refinery wastes. 
The paper presents a comprehensive discussion of the variables affecting the picrate-cyanide 
reaction, such as reaction rate, reagent concentration, color stability, and interfering substances. 
The presence of sulfide or sulfur dioxide does not interfere with the determination. The pro- 


cedure has been used for more than a year for refinery control. ee 


CoLoriIMetTRIC DETERMINATION OF NITROPARAFFINS. LAWRENCE R. Jones and Joun A. 
Rippick, Analyt. Chem. 24:1533 (Oct.) 1952. 


This work was begun because no sensitive or specific colorimetric method was available for 
the determination of small amounts of secondary aliphatic nitroparaffins. The method, as 
developed, depends upon the decomposition of nitroparaffin to nitrous acid by means of treatment 


with concentrated sulfuric acid. The resulting nitrous acid is combined with resorcinol to 


form what is believed to be a p-nitrosophenolic compound. This compound gives a deep red-blue 
color, measurable at a wave length of 500 mu# by means of a spectrophotometer. The color is 
suitable for the quantitative determination of most secondary and a few tertiary nitroparaffins in 
amounts as small as 3 to 5 7, with an expected accuracy of + 5% and a precision of + 1%. It 
is possible to determine 2-nitropropane in air and in mixtures of primary nitroparaffins. The 


method has been adapted to the determination of halogenated nitroparaffin fumigants when used 
on grains. 
AUTHORS SUMMARY. 


THERMAL Decomposition Propucts AND BURNING CHARACTERISTICS OF SOME SYNTHETIC 
Low-Density CELLULAR Matertiats. H. A. Watson, H. J. Stark, R. L. Beatty, H. W. 
Buscu, and L. B. BerGcer, Bureau of Mines. RI 4777 January, 1951. 


This report covers an investigation of the possible hazards of toxic gases produced by the 
burning, or thermal decomposition, of some low-density, expanded, synthetic materials, three 
of which consisted of polyvinyl chloride and one of acrylonitrile. Among the blowing agents is 
azo-bis-isobutyronitrile (PN), which gives off tetramethylsuccinonitrile (TSN) on decomposition. 
This last compound has been shown to be very toxic. According to Harger, 60 ppm in air 
killed rats in two to three hours. The formation of this gas was demonstrated by the authors 
on burning polyvinyl chloride treated with PN, or on heating it to 75 C. Carbon monoxide 
was given off from all four materials on heating, as well as hydrogen chloride from the polyvinyl 
chlorides. Aldehydes, ammonia, cyanides, and oxides of nitrogen also appeared in small 
quantities. Details of gas formation at various temperatures, self-ignition temperatures, ignition 
and burning times, and burning characteristics of the materials are included in this report. 


CONDENSED FROM AuTHORS’ SUMMARY. 
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DETERMINATION OF THE Dry WeEIGHT OF FILTER Papers. H. H. Watson, Engineering 
174:101 (July 25) 1952. 


The author discusses a method for drying and weighing both clean filter papers and papers 
with a deposited sample of air-borne coal dust. The paper is rolled into a loose cylinder, placed 
in a weighing bottle, and heated overnight in an air oven at 105 C. In the morning it is 
desiccated over anhydrone (magnesium perchlorate) for one hour, and the bottle is weighed 
with and without the paper three successive times. The mean of the three readings is taken as 
the correct weight. Duplicate readings on some 92 papers, weighing about 0.2 gm. each, show 
a maximum difference between successive readings of +0.2 mg. Of these 92 successive 
weighings, 77 show a difference between readings of +0.1 mg. 

Results of an investigation to determine the effect of manipulating the papers during use 
and weighing indicate that this causes no error. Determination of the effect of relative humidity 
in the oven at various temperatures indicates that for highly accurate results this factor should 
be controlled. 

Some data are presented on the oxygen take-up of coal vs. time. Moisture regains of 
Whatman No. 41 papers at various relative humidities are also given. 


Puitiep LaTorre, Boston. 


GRAVIMETRIC SAMPLING OF Dust In Coat Mines. H. H. Watson and T. G. Morris, 
Engineering 174:228 (Aug. 22) 1952. 


The authors have designed a simple, portable, dust-sampling apparatus for determining the 
concentration and particle-size distribution of air-borne dusts. The unit consists of a compressed- 
air ejector as its suction source, a large Soxhlet extraction thimble as the collecting medium, 
and a flow indicator. The ejector is discussed in a previously published paper by Watson 
The thimble is described as “fat-free, seamless, single thickness,” 41 mm. in diameter. The 
flow meter, essentially a gauge measuring differential pressure across an orifice, is a modified 
aircraft air-speed indicator calibrated against a rotameter. Air-flow resistance of the thimble 
varies from 4.7 in. (12.07 cm.) to 25 in. (63.50 cm) water gauged at 150 liters per minute. 
Absence of discoloration on the suction side of the thimble indicates high retention of coal-mine 
dust. A weighing technique is discussed which gives a standard error of 2 mg. It is suggested 
that the error in flow metering, caused by the reduction in operating pressure from p., the 
calibration pressure, to some lower pressure, fi, as the thimble is plugged, can be reduced by 
calibrating the flow meter at a pressure between Pp. and p:. A table of duplicate sampling tests 
at a coal face is presented in support of the hypothesis that small errors were to be expected 


by not sampling isokinetically. =" 
— Pritie LATorReE, Boston. 


Fiprovus Fitters ror Fine Firtration. D. J. Tuomas, J. Inst. Heat. & Vent. 
Engrs. 20:35 (May) 1952. 

The mechanisms for the filtration of particles from gas streams in viscous flow by means of 
dry fibrous filters and resin-wool electrostatic filters are reviewed, and filter testing by means 
of a methylene blue stain test and a sodium flame test is described briefly. Data are presented to 
show that a decrease in fiber diameter causes an increase in the resistance of a given weight of 
fiber and also that, for a given resistance, the penetration through the coarse-fiber filter is 
appreciably higher than through the fine-fiber filter. When a fine fiber (such as asbestos) is 
mixed with a relatively coarse fiber (such as cotton), efficiency increases with decrease in 


effective fiber diameter of the mixture, i. e., increasing per cent of asbestos, until a point is 
reached where excessive matting of the fine fibers increases the effective diameter of the fiber bed. 


Experiments with filters of varying fiber-packed density indicate that for a given resistance 
the thicker the filter the better its performance. The difference becomes far more pronounced 
as the thickness decreases below '% in. For fine air-borne particulates (mass median diameter, 
0.5 #) penetration increases with velocity up to 100 ft. per minute, i. e., filtration by Brownian 
diffusion is still the predominant mechanism even at this velocity. 

Stability tests carried out with resin-impregnated filters show that the increased efficiency 
due to electrostatic effects can be rapidly nullified by coating the fibers with a liquid smoke such 
as tricresylphosphate. Other characteristics of the resin-wool filter parallel those already 
described. 
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Discussion of this paper by H. L. Green indicated that there is no such thing as an absolute 
optimum-sized particle for penetration. The optimum size varies with the nature of the aerosol, 
the diameter and packing density of the fibers, and the air-flow rate. 

The severity of the test procedure was increased, according to Thomas, by removing the 
bulk of the large particles with a coarse filter. With the use of this effluent as a test dust, the 
per cent penetration could be increased almost threefold. The density of the stain after the 
test filter was practically unaffected by the introduction of the prefilter, but the stain produced by 
the test cloud was reduced to a marked degree by the removal of the larger particles from the 
cloud. 

W. G. Busbridge stated that about 1,000,000 r of external radiation are required to remove 
the charge from resin-wool filters, but when a radioactive material is intercepted by a fibrous 
filter the 1,000,000 r can be produced by a very small quantity of material, because the particles 
lying on the surface of the filter are very close to the resin itself. The rate of discharge is 
rapid, and only a few micrograms of the more active isotopes are sufficient to cause breakdown 


of a resin-wool filter. M. W. First, Boston. 


THE DETECTION AND ESTIMATION OF CARBON Monoxipe. C. S. W. Grice and F. J. 
HARTWELL, Trans. Inst. Min. Engrs. 111:305 (March) 1952. 


The authors review those of the available methods for the detection and estimation of carbon 
monoxide which may be of use to the coal-mining industry. 

Methods depending upon the absorption of CO by hemoglobin offer no special advantages 
except in cases in which the saturation of blood has to be determined. Chemical absorption 
in liquid reagents should be reserved for use in general analysis in which concentrations of the 
order of 0.25% or more are suspected. 

As a standard laboratory method the use of iodine pentoxide is still unequaled for the 
estimation of concentrations between 0.0005 and 0.2%, while for the detection of small quantities 
in the field potassium pallado-sulfite indicating tubes provide the most convenient and accurate 
method. 

For continual recording the choice lies between the catalytic oxidation on hopcalite and the 
infrared absorption method. The infrared method will probably come into wider use, but it is 
remarked that infrared gas analyzers do not provide an absolute measure of the gaseous 
component under examination and that ultimate accuracy must depend on their calibration 
with mixtures of known composition. 


3irds and mice remain the only portable indicators which work continuously without human 


intervention. 
Tuomas Beprorp [Butt. Hyc.] 


THE DETERMINATION OF THE MAss CONCENTRATION OF AIR-BoRNE Dusts: AN ELECTRICAL 
SAMPLING Pump FoR Use witH VOLATILE FILtTers. P. F. Hott, Tr. Inst. Min. & Metall. 
61: Pt. 1, 15 1951-1952. 


This instrument is intended for measuring mass concentration of dust under industrial 
conditions. The sampling pump described draws a known volume (about 20 liters) of dusty 
air through a naphthalene filter, which is then evaporated, and the residue is weighed. Sampling 
is simplified by a new type of filter holder. The sampling rate is far lower than with salicylic 
acid filters, so that heavy particles of no medical significance but gravimetrically predominant 
are not sampled. Sampling by an electrically driven piston pump ensures a_ reproducible 
sampling rate. The volume per stroke fell 2% as the pump warmed up and varied by 3% with 
filter compression. Measurements on an artificial cloud of approximately constant size distri- 
bution (median size < 10“) and varying concentrations gave good agreement 
between mass concentration and thermal precipitator count. The effective size-range sampled 


J. McK. Etrison [Butt. Hye.] 


A Moptriep Form or THERMAL Precipitator. P. H. Kitro and D. G. BEApLE, J. Chem., 
Metall. & Min. Soc. South Africa 52:284 (June) 1952. 


A portable, self-contained, thermal precipitator capable of taking 12 dust samples on a 
standard 1 in. (2.54 cm.) by 3 in. (7.62 cm.) glass microscope slide has been constructed and 
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tested in the gold mines on the Witwatersrand. A clockwork motor and bellows with a capacity 
of 100 ml. are used to aspirate air at the rate of 10 ml. per minute, and the electrical supply to 
heat the wire is provided by a miner’s cap-lamp, Edison cell. Extensive tests in laboratory 
and mines have shown the modified instrument to have the same collection characteristics as the 
standard thermal precipitator. It collects the finest particles (<5) at very nearly 100% 
efficiency ; efficiency decreases with increase in size in approximately the same proportion as the 
deposition of these particles in the lung decreases, thereby providing an accurate measure of the 


danger of dust to health. We. 


A New Metuop oF EstiMatinG CARBON MONOXIDE IN Arr. P. ReEvet and P. Duquénots, 
dull. Acad. nat. méd. 135:490, 1951. 


In this method a known volume of air to be tested (2 to 5 liters) is shaken with Na.SOs 
and Na OH solution to absorb Os and CO:, and then bubbled through a known volume of 
defibrinated human blood diluted to one-fifth. The carboxyhemoglobin is then estimated by 
Wolff's method involving the precipitation of the normal blood pigments with acetoacetic acid 
and the estimation of carboxyhemoglobin spectroscopically. It is necessary to calibrate with 
known CO-air mixtures. With 5 liters of air and 20 cc. of diluted blood, concentrations of 
1/50,000 can be measured to +8%. The relative error is 3% at a part of the curve. The method 
is slow, but requires no supervision and is useful at low concentrations. 


J. McK. [Butt. Hye.] 


Ventilating, Air Conditioning, and Engineering Control 


DesiGN VELocity IN INDUSTRIAL ExHaust “Systems. ArtHUR C. STERN, Am. Indust. Hyg. 
A. Quart. 13:130 (Sept.) 1952. 


Selection of branch and main velocities in industrial exhaust systems is considered in terms 
ot economy, balance, noise, transport velocity, and abrasion. Cost breakdown data are furnished 
tor several pipe diameters as a function of initial cost, maintenance, depreciation, space rental, 
and power costs. The effects of duct length, capacity, velocity head, and system balance on 
design and velocities are considered. Limited data on the choice of transport velocities and the 
handling of abrasion problems are presented, as well as methods for velocity selection for 


ventilation systems with and without a significant dust loading. 
8 R. R. Dennis, Boston. 


VENTILATION AND HEATING PRoBLEMS IN Atomic ENERGY ESTABLISHMENTS. W. L. WILSON, 
J. Inst. Heat. & Vent. Engrs. 20:215 (Sept.) 1952. 


This represents a general discussion of some of the heating and ventilation aspects of the 
3ritish atomic energy industry. Basic principles of exhaust air handling are outlined. Gloved 
boxes, hoods, piping layout, filters, and fans are briefly described. General heating systems are 
discussed, and brief mention is made of the heating system at Hartwell which derives its 


energy from a nuclear reactor. . 
ba A. T. Rossano, Boston. 


Ad 
eg 
| 


News and Comment 


POSITIONS AVAILABLE 


Junior ($4,800) and senior ($6,000 to $7,500) industrial hygiene engineers—State Board of 
Health, Helena, Mont. Address: Dr. G. D. Carlyle Thompson, Executive Officer. 

Industrial hygienist for chemical company, Middle West. Experienced man in early 30's, 
capable of independent work in conducting surveys including sampling and analysis. One-third 
to one-fourth of time traveling. Salary range $500 to $600. 

Industrial hygiene or atmospheric pollution engineer, preferably one qualified for both fields. 
Civil service regulations require registered professional chemical engineer. Address: Dr. H. 
Gardner Bourne Jr., Acting Chiet, Division of Industrial Hygiene, Ohio Department of Health, 
Columbus 15. 

Industrial hygienist for development and implementation of program in chemical plant. 
Starting salary $6,200. Address: Dr. G. H. Collings, Chief, Occupational Health Branch, Ten- 
nessee Valley Authority, Wilson Dam, Ala. 

Industrial hygiene engineer, 25 to 35 with degree in chemistry, chemical engineering, mechani- 
cal engineering, or equivalent. Address: D. P. O'Neil, Argonne National Laboratory, P. O. Box 
5207, Chicago 80. 

Project leader for research on particles and aerosols. GS Civil Service rating, initial salary 
$7,040. Also need physicists, chemical engineers, physical chemists, and technicians. Address : 
Dr. Carlton E, Brown, Chemical Corps Biological Laboratories, Camp Detrick, Frederick, Md. 

Industrial hygienist or chemist. Three years’ experience or graduate degree. Starting salary 
$5,000. Address: Medical Department, U. S$. Naval Shipyard, Portsmouth, Va. 


PERSONNEL AVAILABLE 


Physician, woman, M.D. Cornell, certified American Board of Internal Medicine, desires 
connection with New York City area business organization or research and/or contact work 
with reputable drug company. 

The Personnel Placement Committee of the American Industrial Hygiene Association has 
qualified applicants for all phases of industrial hygiene. For additional information on positions 
or applicants write to Frederick S. Mallette, Chairman, AIHA Personnel Placement Committee, 
% American Society of Mechanical Engineers, 29 W. 39th St., New York 18. 


COMMITTEES OF THE AMERICAN INDUSTRIAL HYGIENE ASSOCIATION 


The Board of Directors of the American Industrial Hygiene Association has given standing 
committee status to the newly created Standards Committee to foster continuity in its work. The 
Standards Committee was established to study continually the relationship of AIHA to other 
associations, particularly the American Standards Association, and to promote the professional 
and technical interests of industrial hygiene in such relationships. It is expected that ATHA 
will now take a more active part in the work of ASA and in the consideration of standards 
for good industrial hygiene conditions. The Committee is under the Chairmanship of Carlton E. 
Brown, Sc.D., and the members are Edgar C. Barnes, Melvin W. First, Lloyd N. Hazleton, 
Ph.D., William E. McCormick, Arthur C. Stern, and Bernard D. Tebbens, Sc.D. 

At the same time, the Board of Directors gave standing committee status to the Development 
Committee, the Noise Committee, and a new Legislative Committee to be appointed. 

The Development Committee consists of Warren A. Cook, Chairman, Howard N. Schulz, 
William T. McCormick, Herbert T. Walworth, and Herbert J. Weber. It is charged with 
advising the Board of Directors upon ways for increasing the scientific and technical value of 
AIHA activities and for overseeing such activities. 

The Noise Committee consists of Charles R. Williams, Chairman, Allen D. Brandt, Lester V. 
Cralley, Edward G. Meiter, Walter FF. Scholtz, and James H. Sterner, M.D. It is to see that 
AIHA remains active in various studies and programs on noise currently under way. 

The Legislative Committee is to follow proposed federal and state legislation as it may 
affect industrial hygiene and advise the Board of Directors on the subject. Its first study will 
be that of professional licensure or registration. 
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Multiplying 
Your Experience 
in 
UPHTHALMULOGY 


by the Findings of Notable Co-workers 


Pushing inquiry into numerous branches of ophthal- 
mic science, pooling their findings in an authoritative 
monthly publication, research and clinical workers in 
diseases of the eye are constantly contributing to this 
time-saving, easily accessible “experience exchange”... 


ARCHIVES OF 
OPHTHALMOLOGY 


Clinical and experimental studies, new treatment and 
surgical procedures, reports from leading laboratories, 
articles on the eye and its relation to general health, ab- 
stracts from current literature, book reviews. 


EDITORIAL BOARD: 


Francis HEED ADLER, Chief Editor, Philadelphia 
W. L. Benepict, Rochester, Minn. 
Davin G. Cocan, Boston 
WituiAM ZentMAyeR, Philadelphia 
Kennetu C. Swan, Portland, Ore. 
Wittiam F. HucGues Jr., Chicago 
Jonas S. FrRIEDENWALD, Baltimore 
Joun H. Dunnincton, New York 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St., Chicago 10, Illinois. 


Please enter a subscription to Archives of Ophthalmology for one 
year and continue it until I instruct you to discontinue it. 


$12.00 YEARLY 
$13.00 FOREIGN $12.40 CANADIAN 
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less-anti eenic 
penicillin: 


Cer-O-Cillin 


Trademark Reg. U.S. Pat. Off. POTASSIUM 


Available as: 

Sterile vials containing 200,000 

units Crystalline Penicillin O 
a 

Potassium 

Bottles of 12 buffered tablets, each 

containing 100.000 units Crystal- 

line Penicillin O Potassium 


The Upjohn Company, Kalamazoo, Michigan 
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RESULTS COUNT!...in Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


“= 


fa. Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN PRODUCTS, INC., Belleville 9, N. J., U.S.A. 


For a Better Understanding of 
Nervous and Mental Diseases 


A. M. A. Archives of NEUROLOGY and number of brief digests from 
PSYCHIATRY gives practical assistance medical literature which present signifi- 
to those readers who would keep well cant findings of eminent neurologists and 
ingore the psychiatrists throughout the world. ‘Well 
clinical notes, special articles, society illustrated, Issued) monthly. _ Averages 
transactions and book reviews and book about 2730 pages annually. Price, $12.00 
notices. Each issue includes a_ large a vear. Canada, $12.40. Foreign, $13.50 
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AMERICAN MEDICAL ASSOCIATION 535 N. Dearborn St., Chicago 10 


Taken with New 


Camera 
FOR YOUR FREE COPY OF 


Diaphragm Control 
ANSWERS TO THE 
IMPORTANT QUESTIONS EXAKTA “VX 


35mm Single Lens Reflex Camera 


ABOUT SOAP hon For Parallax-Free Medical 


Photography 


BUYING : The Exakta, with instantly interchangeable lenses, is 


widely used by industrial physicians for every type of 
medical and research photography. Its unique through 
the-lens viewing system assures absolutely correct ‘on 

- No commercials — no sales chatter the-subject” photographs, in extreme close-ups or through 
but o wealth of informative data that should prove the microscc world 
camera 1s regularly used tor reliminary, deve opmenta 
the future. and for making color transparencies—a necessity for 


recording and lecturing. 


With 2.8 Z T “T” Coated L 
LIGHTFOOT SCHULTZ COMPANY with Pre- Ser $269.50 
663 FIFTH AVENUE, NEW YORK 22, N. Y. - 30.00 


Penta-Prism Eye Level Reflex Viewfinder. 
Send your free Question and Answer Soap Data 


Extension Tube Set... . 

Write Dept. 800 for free descriptive booklet “H” on 
camera and accessories and brochure on Close-up tech 
nique with the Exakta. 


EXAKTA CAMERA CO., 46 W. 29th St., N. Y. 1, N. Y. 
Exclusive Sales and Service Organization in the 
U.S.A. for Thagee Camera Works, Germany 


Address 
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HOW LIFE GOES ON 
f high se 


SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 
help they are 
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as the father of a family, Dr. Rice is well 
this diffeult subject properly and helpfully 
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25¢ each 
Set of five 
in file case, 


$1.25 


© FOR ADULT READING 


SEX EDUCATION FOR THE PRE- 
SCHOOL CHILD 
By Harold 

Read 12 cent 

SEX EDUCATION FOR THE TEN 
YEAR OLD 
By Mar Bolles. 12 page 

SEX EDUCATION FOR THE 
LESCENT 
By 

Landis 
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paces 
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20) pages cents 


THE FACTS ABOUT SEX 
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ANSWE®S TO PRACTICAL QUESTIONS 


ON MENSTRUATION 
By Margaret Bell. & pages 
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AMERICAN MEDICAL ASSOCIATION 15 cents 
535 North Dearborn Street 


Chicago 10, ill. 
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cents 


Carney 


SEX EDUCATION FOR THE MARRIED 
COUPLE 
Hartshorne Mudd. 12 4 


13 
SEX EPUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman 12 pages 
Set of 5 titles as above. 50 cents 


GETTING READY FOR MARRIED LIFE 
By Howard Dittrick. 28 pages. 20 cents 
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HELP FOR CHILDLESS COU 


By J. Wasse g. | cents 


THE WORD YOU CAN'T SAY 
TU? BATION) 
By Hat Lee 
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but awake 


In emotional and nervous disorders, 
Mebaral exerts its calming influence 
without excessive hypnotic action. 


Mebaral is also a reliable anticonvulsant. 


INDICATIONS: 


Because of its high degree of sedative 
effectiveness, Mebaral finds a great field 
of usefulness in the regulation of 
agitated, depressed or anxiety states, 

as well as in convulsive disturbances. 
Specific disorders in which the calming 
influence of Mebaral is indicated 

include neuroses, mild psychoses, nervous 
symptoms of the menopause, hyper- 
tension, hyperthyroidism and epilepsy. 


Tablets of: 
32 mg. ('2 grain) 
bottles of 100. 
0.1 Gm. (112 grains) 
bottles of 100 and 500. 
0.2 Gm. (3 grains) si 
bottles of 100 and 500. 4 


Tasteless TABLETS 


WINTHROP-STEARNS INC. New York 18,N.Y., Windsor, Ont. 


Meboral, trademark reg. U.S. & Canada, brand of mephobarbital 
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